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L —A New Modification of 3 : i-Dinitro- 
dimethylaniline. 

By Herbert Swann. 

During an investigation of the nitration of w-nitrodimethyl- 
aniline, it was found that by varying the conditions of nitration, 
a new modification pf 3:4-dinitrodimethylaniline was formed. 
This brings 3:4-dinitrodimethylaniline into line with other nitro- 
anilines, most of which exist in at least two modifications 
(Hantzsch, Ber.^ 1910, 43, 1654). 

Romburgh {Rec, trav, chim,, 1887, 6, 250) states that m-nitro- 
dimethylaniline is readily nitrated by nitric acid (D 1*2), giving 
the 3:6- (m. p. 112®) and the 3:4- (m. p. 176®) dinitro-compounds. 
However, by nitrating m-nitrodimethylaniline in certain concen¬ 
trations of sulphuric acid, and using the requisite quantity of 
nitric acid to introduce one nitro-group, there results a /3-modifi- 
cation of 3:4-dinitrodimethylaniline in addition to the 3 :6-dinitro- 
derivative obtained by Romburgh. 

jS-3: ^‘Dinitrodimethylaniline is an orange-coloured compound 
meltifg^t 154®. It is possible to convert it into the o-compound 
(m* p. l7%®) by dissolving in coi|pentrated sulphuric acid and 
diluting the resulting solution with water, when the a-modification 
separates, melting at ip® after one recrystallisation from alcohol. 
The i3-oompound was also readily changed to the a-compound by 
boiling an amyl-alcoholic solution with a few drops of 80 per cent. 
VOL. cxvn B 
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sulphuric acid. On cooling, the a-modification separated in long 
needles. No method of changing the a- to the )8-compound has 
yet been found. 

Nitration of the jS-modification with 70 per cent, nitric acid at 
30° gives principally 2:4:5-trinitrodimethylaniline (m. p. 196°), 
which is also obtained by the nitration of 2:5- and a-3:4-dinitro- 
dimethylaniline under the same conditions. The quantity nitrated 
was too small for the identification of any other trinitro-compound. 

The action of more concentrated nitric acid on the above three 
dinitrodimethylanilines is of interest. Treatment with nitric acid 
of about 80 per cent, strength results in a simultaneous nitration 
and oxidation, a trinitromonomethylaniline being formed. A 
similar oxidation occurs on nitrating dimethylaniline in acetic acid 
solution, when under certain conditions 2:4-dinitromonomethyl- 
aniline is obtained in good yield. 

The trinitromonomethylaniline is a yellow, crystalline compound 
melting at 199°. Its constitution was proved by replacing the 
mobile m-nitro-group by the methoxy-group, when 4:6-dinitro- 
methyl-m-anisidine (m. p. 198°) was obtained. The original com¬ 
pound is therefore 2:4; h-trinitromonomethylaniline. 

Experimental. 

Preparation of m-Nitrodimethylaniline, 

The m-nitrodimethylaniline was obtained by the cold nitration 
of dimethylaniline,- as suggested by Nolting and Fourneau (Z?er., 
1897, 30, 2931), It was found possible to use much less sulphuric 
acid in the nitration, thereby facilitating the final neutralisation. 

Dimethylaniline (250 c.c.) was dissolved in sulphuric acid 
(475 c.c.), and the solution cooled in a freezing mixture of ice and 
salt. The cooled nitrating acid, consisting of 100 c.c. of nitric 
acid (D 1*5) and 475 c.c. of sulphuric acid, was then added gradu¬ 
ally, the temperature being maintained between 0° and 4°. When 
the whole of the acid had been added, the liquor was poured on 
ice, and finally diluted with about 20 litres of water, which pre- 
cipitateci the p-nitrodimethylaniline. The m-nitrodimethylaniline 
contained in the filtrate was separated by neutralisation with 
sodium carbonate and crystallised from alcohol, the yield of pure 
material (m. p. 66°) being about 50 per cent, of the theoretical. 


i8-3: ^-Dinitrodimethylaniline. 

Fifty grams of m-nitrodimethylaniline were dissolved in 600 c.c. 
of 60 per cent, sulphuric acid, and to this solution (at 20°) 60 c.c. 
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of 30 per cent, nitric acid were added, the whole being well shaken. 
After a few minutes the temperature rose to 35°, and the 3:4- 
dinitrodimethylaniline separated as an orange-coloured, flocculent 
precipitate. The liquor was diluted with 250 o.c. of water and 
filtered, when practically the whole of the P-3: 4-dinitrodimethyl- 
aniline was obtained in the precipitate, the 2: S-isomeride remain¬ 
ing dissolved in the filtrate. The 0-3:4-dinitro-compound after 
one crystallisation from alcohol or benzene melted sharply at 154°, 
the yield being 60 per cent, of the theoretical. 

Found: N=:19-7. 

C(^H 904 N 3 requires N = 19'9 per cent. 

By considerable dilution of the filtrate, the 2:5-isomeride 
separated; after crystallisation from glacial acetic acid it melted 
at 112°. 


a-3: i-Dinitrodimethylaniline. 

This compound was obtained by nitrating m-nitrodimethylaniline 
(1 gram) with 20 per cent, nitric acid (10 c.c.). 

It was also prepared by dissolving the 0-modification (5 grams) 
in sulphuric acid (30 c.c.) and gradually diluting the solution with 
cold water, the temperature not being allowed to rise above 40°. 
By this method, the 0-compound was completely converted into 
the o-modification, which, after crystallisation from alcohol or 
acetone, melted at 176°. 

Preparation of 2:4 .^-Trinitromonomethylaniline. 

Twenty grams of 2:5-dinitrodimethylaniline (or a- or 0-3:4- 
dinitrodimethylaniline) were dissolved in 80 c.c. of nitric acid 
(D 1*40). The temperature was raised to 30°, and 40 c.c. of nitric 
acid (D T50) were quickly added. After a few minutes, a 
vigorous oxidation took place, as shown by the evolution of nitrous 
fumes. At this point the solution was cooled rapidly, and, when 
the oxidation was finished, poured on ice. The precipitate was 
collected and digested with 500 c.c. of boiling water for several 
hours to hydrolyse any tetranitrophenylmethylnitroamine which 
might have been formed. The m-nitro-group in 2:4:5-trinitro- 
monomethylaniline is not removed by boiling water. After hydro¬ 
lysis, the liquid was filtered hot, and the residual solid crystallised 
from acetone. A moderately good i|jrield of 2 :4 :5-trinitromono- 
methylaniline, a bright yellow, crystalline compound melting at 
199°, was obtained. 

Found: N = 22*8. 

C7Hg06N4 requires N = 23*l per cent. 

B 2 
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Nitration of 2:4:5-trinitromonometliylamliiie with nitric add 
(D 1*60) gives 2:4:5:6-tetranitrophenylmethylnitroamine. Treat¬ 
ment of tJie boiling methyl-alcoholic solution (2 grams in lOQ c.c. 
of methyl alcohol) with the theoretical quantity of potassium 
hydroxide (0*5 gram) dissolved in the minimum amount of water 
furnishes 4:6-dinitromethyl-m-anisidine (m. p. 198°), thereby 
establishing the constitution of the original compound as 2:4:5- 
trinitromonomethylaniline. 

The possibility of the above trinitromonomethylaniline contain¬ 
ing a nitro-group as a nitroamine was tested by heating with phenol 
and sulphuric add in boiling amyl alcohol, but with negative result. 

College of Technology, 

Manchester. [Received, October 22nd, 1919.] 


IL —The Chloroacetates of ^-Alkylthiocarhamides. 

By John Taylor. 

In a previous communication (T., 1917, 11|1, 650), the theory was 
advanced that salts of <S-alkylthiocarbamides have a sulphonium 
structure, (NH 2 ) 2 CISRX, where R is an alkyl group and X an 
addic residue. The possibility of the existence of ammonium and 
of carbonium forms, XNH 3 *C(INH)'SR and (NH 2 ) 2 CX*SR, was 
considered. 

The behaviour of the nitrites and thiocyanates of these com¬ 
pounds points to the improbability of an ammonium structure, 
whilst the ready ionisation of the salts points to the non-existence 
of carbonium structure. Occasionally, in the presence of strong 
acids, a second form of a salt is obtained differing considerably 
from that separating from a neutral solution. This second form 
is unstable, being readily converted into the first by recrystallisa- 
tion from hot water. It was conjectured that this unstable form 
is of the ammonium type, its instability being paralleled by the 
instability of the salts of amides. 

A study of the chloroacetates of iS-alkylthiocarbamides, and in 
particular of the monochloroacetates, confirms the view that the 
salts have not an ammonium^^structure. 

They are readily prepared by mixing a concentrated aqueous 
solution of thiocarbamide methyl nitrate or of thiocarbamide benzyl 
chloride with a solution of the sodium salt of the required acid, 
when the new compound separates from solution. 
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To the general rule that a thiocarbamide results from the inter¬ 
action of a thiocarbimide and a primary or a secondary amine, 
there is one tolerably well-marked exception, namely, when the 
radicle of either contains a halogen constituent. In this case, 
although the primary union may run the normal course, there 
follows the production of a salt of a cyclic base in which the carbon 
atom, originally halogenated, is now attached to sulphur, thus: 


R-NCS-|-NH2-CHg-OH2Br R-NH-CS-NH-CH2-CH2Br 


rn: 


NH-CH, 



(Gabriel, Ber.^ 1889, 22, 1148). Similarly, 


CH2Br-CHBr-CH2-NCS4-PhNH2 

CHgBr-CHBr-CHg-NH-CS-NHPh 
PhNIC-S ^ 

(Dixon, T., 1897, 71, 617). A similar behaviour is shown by 
halogen-substituted acylthiocarbimides; 


OHjObCO-NCS-fCjHj-NH, —> C;Hj-NH-CS-NH*CO-CH.Cl 




NH-CO-CH 


,HC1* 


(Dixon, loc. cit.). The same change results when an already 
formed non-halogenated thiocarbamide has halogen introduced 
into its molecule: 

CHj-.CH-CHj-NH-CS-NH, CHJ-CHI-CHj-NH-CS-NH. 

nh:9-? 

NH-OHg-CH-CHjT’ 

(Dixon, T., 1896, 69, 25). 

Only two exceptions to this rule appear to exist, namely, 
(1) where halogen is attached to an aromatic radicle, thus the 
compound CgH^CbNH’CS’NH^ is quite stable (Losanitsch, Rcr., 
1872, 6, 156), and (2) where halogen is part of an unsaturated 
radicle; thus the compound CH 2 lCCl*CH 2 *NH*CS*NH 2 does not 
yield a cyclic compound (Henry, Ber., 1872, 5, 188; Dixon, T., 
1901, 79, 653). 

It is clear, from these examples, that there is, in thiocarbamides, 
a very strong tendency towards the conversion of bivalent into 
quadrivalent sulphur when there is present a halogenated radicle 
not already linked to sulphur, • 


• These formulso are written as the authors themselves gave them. The 
present author prefers to represent them as sulphonium compounds, 
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If thiocaxbamide methyl monochloroacetate had an ammonium 
structure, that is, CH 2 Cl*C 02 *NH 8 *C(INH)*SMe, there would 
follow the formation of a cyclic compound, 

NHICp-^MeCl 

NHg-O-CO-CHg ' 

Such a union occurs as the initial stage of the formaticji of 
thetines. 

This compound would have its chlorine highly ionised, it would 
respond to Andreasch’s test for thiolacetic acid (J9er., 1879, 12, 
1385), and, further, the chloroacetate group, being now divided 
into two parts, could not be displaced wholly by another acid 
group. 

Thiocarbamide methyl chloroacetate, prepared as described, 
agrees in no respect with these properties. Its aqueous solution 
does not yield silver chloride on the addition of silver nitrate, no 
purple colour is observed on applying Andreasch’s test, hence the 
compound does not contain the grouping ‘CO'Cng’S*, and, lastly, 
the pier ate is identical with that obtained from thiocarbamide 
methyl nitrate, consequently the whole of the chloroacetate group 
has been displaced by the picrate residue. 

It is thus highly probable that the chloroacetate group is not 
attached to nitrogen, and that, since ring closing does not occur, 
the chlorine forms part of a group already linked to sulphur which 
is already exerting its full valency, and therefore does not admit 
of further combination. 

The structure of thiocarbamide methyl chloroacetate would 
appear to be represented by the formula 

(NH2)2C:SMe*0-C0-CH2Cl, 

in agreement with that proposed for other salts of <S^-alkylthio- 
carbamides, and would correspond with its properties as described 
above. 

That the chlorine of the chloroacetate residue would combine 
with sulphur if opportunity occurred is shown by the fact that, 
when this substance is heated in alcoholic solution with thiocarb¬ 
amide, wothiohydantoic acid results. This is due to the initial 
formation of an additive compound of the original substances, 
(NH2)2C:SMe-0-C0-CH2Cl + CS(NH2)2-> 

(NH2)2C:SMe-0-C0-CH2-SCi:C(NH2)2, 
which readily loses hydrogen chloride. The add, in turn, decom¬ 
poses the methyl-^-thiourea ester of wothiohydantoic odd, leaving 
free wothiohydantoic acid, 

HCl 

(NH2)2C:8Me-0-C0-CH2*S-C(:NH)-NH2--> 

(NH2)2C;SMeCl + C02H-CHa-S'C(:NH)-NH2. 



S-ALKYLTHIOOARB AMIDES. 


7 


When thiocarbamide benzyl chloroacsetate instead of the methyl 
compound is combined with thiocarbamide, loss of hydrogen 
chloride alone follows, and the benzyl-^-thiourea ester of wothio- 
hydantoio acid is obtained, showing that the reaction proceeds in 
the manner suggested. 

Attempts to remove hydrogen chloride alone from thiocarb- 
amiJe methyl chloroacetate by the use of dilute alkali or of pyridine 
were quite unsuccessful. No indication of the formation of a 
glycine derivative was observed; the whole of the chloroacetate 
group was removed and the resulting i/'-thiourea decomposed. 

Thiocarbamide and methyl chloroacetate unite additively on 
long contact in acetone solution. The product is isomeric with 
the thiocarbamide methyl chloroacetate previously described. 
There are many points of difference between the two substances; 
thus the additive compound is readily soluble in water, and the 
solution is acid, due to the formation of hydrochloric acid. When 
boiled in alcoholic solution, it loses methyl alcohol, and the hydro¬ 
chloride of i‘?othiohydantoic acid separates on cooling. With less 
than one equivalent of sodium hydroxide, both methyl alcohol and 
hydrochloric acid are lost and fsothiohydantoin is obtained. The 
substance also readily responds to tests for thiolacetic acid. 

These reactions are in sharp contrast with those previously 
described for thiocarbamide methyl chloroacetate, and point to the 
additive compound being the hydrochloride of methyl hothio- 
hydantoate, (NHo)2C!SChCH2*C02Me. Ethyl chloroacetate com¬ 
bines similarly with thiocarbamide. 

Dichloroacetates and trichloroacetates of *S^-alkylthiocarbamides 
were also prepared. In general properties they closely resemble 
the monochloroacetates, with the exception that they are inert 
towards thiocarbamide. 


E XPER IMENTAL. 

Thiocarhamide methyl monochloroacetate is precipitated when 
to a concentrated aqueous solution of thiocarbamide methyl nitrate 
is added an excess of a concentrated aqueous solution of sodium 
monochloroacetate. On crystallisation from alcohol, it forms 
prisms, which decompose at about 157°. Its aqueous solution is 
neutral and furnishes a picrate, melting at 220°, identical with 
the picrates from other salts of 6^-methylthiocarbamide. The 
monochloroacetate responds to the usual tests for 6»-methylthio- 
carbamides; an alkaline solution of lead acetate gives lead 
meroaptide, and an ammoniacal solution of silver nitrate gives 
silver mercaptide and silver cyanamide, no silver chloride being 
formed. 
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Found: N = 15’01, and 100 parts gave 168 parts of silver as 
AgSMe and Ag 2 CN 2 . 

C 4 H 0 O 2 N 2 CIS requires N = 15*17 per cent., and 100 parts require 
176 parts of silver. 

When the solid was heated with one equivalent of pyricjlne, 
methyl mercaptan escaped. Addition of one equivalent^ of 
iV'-sodium hydroxide to a dilute solution of the substance did? not 
cause a precipitation of methyl-^-thiourea. When the alkaline 
solution was acidified with chloroacetic acid and then evaporated, 
the original substance was recovered. Attempts were made at 
various stages to obtain a copper derivative of glycine, but quite 
unsuccessfully. 

Thiocarhamide henzyl monochloroacetate was prepared similarly 
from thiocarhamide benzyl chloride and sodium monochloroacetate. 
Water and alcohol each dissolve the substance readily, but it is 
sparingly soluble in a solution of sodium monochloroacetate. The 
usual reactions of a i/^-thiourea are given, and it yields a picrafe 
which melts at 183°. 

Decomposition occurs on heating to 156°. 

Found: Cl = 13*4; ]Sr = 10*65. 

C 9 H 11 O 2 N 2 CIS requires 01 = 13*63; N = 10‘74 per cent. 

Attempts to prepare sulphonium and ammonium forms of this 
compound were unsuccessful. Benzyl-^*thiourea dissolved in 
chloroacetic acid gave an uncrystallisable syrup. The ammonium 
form of thiocarhamide benzyl sulphate, on treatment with an acid 
solution of sodium monochloroacetate, yielded the same product as 
the sulphonium form gave when treated with a slightly alkaline 
solution of the same salt. Both were identical with the compound 
already described, and decomposed at the same temperature, 
namely, 167°. 

Thiocarhamide methyl monochloroacetate and Thiocarhamide. 
—Alcoholic solutions of these substances in nearly equivalent pro¬ 
portions (the thiocarhamide in slight excess) were heated together 
on a steam-bath. After a short time, the liquid, originally dear, 
became turbid, and a white, amorphous solid separated which con¬ 
tained chlorine, and when heated with an alkaline solution of lead 
acetate gave, first, lead mercaptide, and, on prolonged heating, lead 
sulphide. It responded also to Andreasch^s test for thiolacetic acid, 
thus showing the formation of a derivative of i^othiohydantoic 
add. The mother liquors gave a strong reaction for ^-thiourea. 
Analysis of the first product gave no dedsive figures and indicated 
a mixture. After the solid had been further heated with a further 
quantity of alcohol, the ^-thiourea reactions became very faint. 
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The analysis and general properties of the solid now showed it to 
be rather impure ^'^othiohydantoic acid. The substance chars at 
about 206° (Found: N = 20* 1; S = 23T. C3H6O2N2S requires 
N —20*9; S = 23-88 per cent.). 

Thiocarhamide benzyl monochloroacetate and Thiocarbamide, 
—Combination was effected as in the preceding case. The pro¬ 
duct, free from chlorine, gave a strong reaction for i/^-thiourea, and 
responded to the tests for thiolacetic acid. It decomposed on heat¬ 
ing to 190°. Analysis showed that the components had united 
with loss of hydrogen chloride, and that little, if any, further 
decomposition had occurred. The substance may be regarded as 
the benzyl-}^/-thiourea ester of imthiohydantoic acid. 

Found: N= 18*77; 8 = 20*9. 

^11^16^2^4^ requires N = 18-6; 8 = 21*3 per cent. 

An attempt to prepare the real additive compound by allowing 
the materials to remain together in cold acetone solution for several 
days resulted in the isolation of a solid containing Cl = 5*7, instead 
of 10*6 per cent, required by the additive compound. 

Thiocarbamide and Methyl monochloroacetate. —Direct addition 
of these substances was effected by allowing equivalent weights, 
mixed in acetone solution, to remain for two days. Colourless 
crystals, which decomposed at 200°, separated from the solution. 
The crystals readily dissolved in water and gave a strongly acid 
solution. The picrate decomposes at 175°. When the compound 
was heated with an alkaline solution of lead acetate, no trace of 
mercaptide was observed, but lead sulphide formed readily. Silver 
nitrate gave a white precipitate which was soluble in ammonium 
hydroxide. The ammoniacal solution did not yield mercaptide or 
sulphide when heated, thus indicating the formation of a silver 
compound of /sothiohydantoic acid. A purple coloration in 
Andreasch's test proved the presence of the group •CO*CH2*S*. 
Hence the compound is the hydrochloride of methyl v&othio- 
hydantoate. 

, Found: Cl = 19*4. 

. C4H9O2N2CIS requires Cl = 19*2 per cent. 

On boiling with alcohol, it was hydrolysed to the hydrochloride 
of isothiohydantoic add (Found: Cl = 23*28. Calc.: Cl = 22*86 per 
cent.). When rather less than one equivalent of sodium hydroxide 
was added to an aqueous solution of the original compound, prisms, 
recognised as wothiohydantoin (Found: 8 = 27*39. Calc.: 8 = 27*58 
per cent.), s^arated from solution. The substance decomposed at 
220 ° 

Thiocarbamide and Ethyl monochloroacetate. —^Theae substances 
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were combined by a similar method to the above. The products 
separated in glassy, six-sided pyramids which dissolved in water, 
giving an acid solution. It melts at 107° and decomposes at about 
120 °. 

Found: Cl = 17'64. 

C 6 Hn 02 N 2 ClS requires 01 = 17-63 per cent. 

Thiocarhamide methyl dichloroacetate was precipitated on mix¬ 
ing concentrated aqueous solutions of thiocarbamide methyl nitrate 
and sodium dichloroacetate. White crystals were obtained on 
crystallising the substance from alcohol. The substance showed 
all the usual reactions of methyl-^-thiourea and none of wothio- 
hydantoin. It decomposes at 165°. 

Found: 01 = 32*01. 

O 4 H 8 O 2 N 2 OI 2 S requires 01 = 32*4 per cent. 

Heating with even deficit of alkali caused the evolution of 
mercaptan. No sign of further combination was observed after 
the substance had been heated for several hours in alcoholic solu¬ 
tion with thiocarbamide. 

Thiocarhamide benzyl dichloroacetate was prepared similarly. 
No striking peculiarity was observed in its behaviour. It decom¬ 
poses at 153°. 

Found: N = 10-2. 

O 10 HJ 2 O 2 N 2 CI 2 S requires N = 9’6 per cent. 

Thiocarhamide methyl trichloroacetate crystallised in shining 
leaflets on mixing aqueous solutions of thiocarbamide methyl 
sulphate and sodium trichloroacetate. Its behaviour was that of 
an ordinary salt of methyl-^-thiourea. Heating with pyridine 
caused complete decomposition, and on being heated alone it decom¬ 
posed at 187°. One hundred parts of the substance gave 124*2 
parts of silver, whereas 100 parts of C 4 H 7 O 2 N 2 CI 3 S require 127*4 
parts of silver. 

Thiocarhamide benzyl trichloroacetate was prepared similarly. 
It resembled the preceding compound in appearance and behaviour ^ 
and decomposed at 150°. An identical product was obtained by 
heating together benzyl-^-thiourea and trichloroacetic acid. 

Found: N = 8*52; 01 = 31*4. 

C 1 QH 11 O 2 N 2 CI 88 requires N = 8-45; 01 = 32*3 per cent. 

Alcoholic solutions of this compound were heated for several 
hours with one, two, and three equivalents, respectively, of thio¬ 
carbamide, but no indication of the formation of i^othiohydantoin 
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derivatives was observed. The residue from the evaporation of the 
alcoholic solution also failed to indicate the presence of isothio- 
hydantoin, but reacted freely for ^-thiourea. 

Thb Chemistry Department, 

University College, 

Cork. [Received, December lat, 1919.] 


III .—The Electroajlfinity of Aluminium. Part I. 

The Ionisation and Hydrolysis of Aluminium 
Chloride. 

By Jaroslav Heyrovsk^. 

Aluminium chloride is a quaternary, strong electrolyte exerting 
a fourfold osmotic pressure in dilute solutions. In a solution there 
may exist the ions AlCV, Aid**, Al*", and d'. There is no 
evidence for the existence of complexes, such as (Aldg)^; the single 
molecules seem to possess more affinity for water than for each 
other. 

The cations combine to a certain degree with the hydroxyl ions 
to form AlCl 2 *OH, A1C1(0H)2, and Al(OH) 3 ; as, however, this 
hydrolysis does not exceed 3'8 per cent, even in the most dilute 
solutions concerned, it will first be neglected in considering the 
dissociation of aluminium chloride. 

Let the concentration of aluminium chloride in gram-equivalents 
per litre be denoted by c, and that of the chloridions resulting 
from the dissociation be cx (where x is less than 1). 

Let the concentration of the Al’** cations, expressed in gram- 
cations per litre, be 

[Al'"] = 

[Aid"] = 

[Aid,'] - c.y^ 

[Aid,] = c . (2/o<i). 

yo + yi+ ^8+ 2/8 = i.(1) 

2/1 + 2^2 + 32/8 = a:.(2) 

We shall first consider how the dissociation would change with 
dilution if the law of mass action were valid. 

We should have : c7Jq = . cy ^. cx\ 

cz/i = iCi .ct/g. cxl.(3) 

cy^ « K^,cy^.cx) 


further let 

and 

Then 


2 
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which gives = K^^cx . 

2/i ** . (cxY • yz 

Vo = K^K^K^. (cxf .Vf 

Substituting in equation (1), we get 

yi{K^K-JL^{cxf + KyK^{cxY-^K^x-^l] = J 

. 1 _ 

lence y, - + Sa' 

Similarly ?/.^ = J . 

?/i - 4 • - , 

^ ^ K,K^K^{cxY 

Since a: = yi+%2+3«/3.(2) 

when c becomes great, approaches zero, and therefore 


Vi approaches zero 
Vi 

Vz ” 


And from (1), approaches ^ (a maximum). 

As c approaches zero, .r approaches unity; it therefore follows 
from the above equations that approaches ^ (a maximum), 
Vii ,Vo approach zero. 

We can find the maximum values of and y^ as follows: 


a 


Therefore 


dVi 

d{cx) 


K. 

;5a2 

K. 


3a*2/3 


* I - -iK^K^K^icxf - K^K^icx)^ + 1} 

!r (~22 /o-?/,+^s) 

(*-f). - 


By equating to zero, we find that y^ is a maximum when a; = ^. 
Similarly, we may show that 


chj^ ^ K^K.cx 
d{cx) 3a2?/3 




and therefore yi is a maximum when = 

Summing up, 

is a maximum when c is great and x is small, and a minimum 
when c is very small and x — l. 
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is a maximum when x~\ and a minimum when c is very 
great or very small, that is, when x = 0 or x = l, 

is a maximum when ^ = § and a minimum when c is very 
great or very small, that is, when = 0 or x — 1. 

y^ is a maximum when c is very small, that is, when .r — 1 , and 
a minimum when c is very great, that is, when x — 0. 

The changes of y^^ 3 ^ 3 , and corresponding with the gradual 
splitting into simpler ions on dilution, are plotted in Fig. 1. 

This was deduced for an ideal electrolyte obeying the law of 

Fig. 1. 



mass action. It can, however, be shown that the same mode of 
dissociation takes place as indicated in Fig. 1 whatever the law 
may be so long as it is of the general form 

X cl ^ 

(For van't Hoffs constant, a = h — lp; for Ostwalds, a = b=p,) 
Thus, assuming that the indices a, 7>, c, . . . are in arithmetic 
progression, we obtain 

% „ rf_c 

d{cx) d{cx) 
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which, means that is a maximum when ar = §, just as in the 
previous case, and similarly for and ys- 

The coefficient ar, representing the ionised fraction of chlorine, 
may be determined from the potential of a calomel electrode filled 
with the respective aluminium chloride solution. 

These results, however, would give only the maximal and 
minimal value of ;// 3 , that is, of the dissociation into Al*” ions, but 
no evaluation whatever as to ?/j and ^ 2 - 

Further conclusions respecting the [Al*”] concentration can be 
drawn from the hydrolysis of aluminium chloride solutions when 
solid aluminium hydroxide is present. Then [Al***]. [OH']* = AT, 
the concentration of [OH'] being determinable by the potential of 
a hydrogen electrode. 

To evaluate the remaining ionic concentrations, specific con¬ 
ductivities of aluminium chloride solutions must be considered. 


Measurements of Electromotive Force. 

Measurements of cells of the type 

Hg I calomel solution of AICI 3 | Ho(Pt) 

were made with all precautions in the manner described by Tol- 
man and Ferguson (J. Amer. Chem. Soc., 1912, 34, 232) and 
Acree (Amer. Chem. 1911, 46, 585, 621, 638), using platinised 
glass electrodes. Readings on the potentiometer could be made to 
a tenth of a millivolt. 

In order to examine the reproducibility of the electrodes used, 
the cell was filled with 0 * 100 A-hydrochloric acid. The E.M.F. at 
18^ and 760 mm. was found to be constant for three days at 
0*3958 ±0-0003 volt. 

The mercury used was purified and twice redistilled. The 
hydrogen was passed through alkaline permanganate and lead 
nitrate solutions, and was finally bubbled through the same solu¬ 
tion as was being measured in the cell. 

The aluminium chloride was purified by precipitation three times 
from solution by means of hydrogen chloride, and the solutions 
were kept at 25^ in bottles, the corks of which were covered with 
paraffin. 

The cell was kept in a thermostat at 25®, and the readings were 
repeated after three or four weeks. The effect of barometric 
change was much less than the variations due to experimental 
errors, which became appreciable in dilute solutions. Two 
hydrogen electrodes were used simultaneously dipping into the 
same solution; they did not differ by more than 0 5 millivolt. 
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In this way, the following results were obtained for the cell: 
4 -Hg I (HgjCl, solid) AICI 3 solution | H,^(Pt) - 


Concentration 




of AlCl, 

EM.F. 

Mean 

in gram-equiv. 

observed at different times. 

EM.F. 

per litre. 

.-- 


in volt. 

2*29 

0-3739, 0-3735 

0-3725, 0-3725 

0-373 

0-308 

0-4810, 0-4810 

0-4808, 0-4807 

0-481 

0-0184 

0-6000, 0-6006 

0-6930, 0-5924 

0-596 

0-0092 

0-6190, 0-6186 

0*6170 — 

0-618 

0-00613 

0-632 — 

0-634 — 

0-633 

0-0046 

0-639, 0-646 

0*643, 0-641 

0-643 

0-00306 

0*659, 0-668 

0*661, 0-655 

0-668 


In other experiments, the aluminium chloride solutions were 
shaken with precipitated aluminium hydroxide for several weeks 
previous to being introduced into the celL With these solutions, 
the following results were obtained: 


Concentration 




of AlCl, 

E.M.F. 


solutions in 

observed at different 

Mean 

gram-equiv. 

times. 

E.M.F. 

per litre. 


A 

in volt. 

2-88 

0-4221, 0-4226 

0-4218 — 

0-4222 

0-934 

0-4940, 0-4934 

0-4939, 0-4934 

0-4937 

0-1845 

0-6361 

0-5369 

0-6355 

0*0676 

0-5623 

0-5614 

0-6620 

0-0337 

0-6804 

0-5818, 0-5807 

0*5813 

0-02134 

0-5966, 0-5980 

0-5981, 0-5996 

0-6984 

0-01067 

0-6147, 0-6158 

— — 

0-6150 

0-00676 

0-6376 — 

0-6360, 0-632 

0*636 

0-00213 

0-6685 — 

0-6667 

0-668 


In order to find the potentials of the single electrodes, the 
aluminium chloride-calomel electrodes were compared with normal 
and tenth-normal calomel electrodes at 25°. Saturated, half- 
saturated, and quarter-saturated potassium chloride solutions were 
used successively as intermediate solutions and the values extra¬ 
polated. This method of eliminating the liquid potential was found 
to be much more trustworthy than the use of potassium nitrate or 
ammonium nitrate solutions. All glass tubes were at least 0*5 cm. 
wide, and no glass taps were used. 

The following values were found for the potential of the 
electrode. 

Hg I (Hg 2 Cl 2 )AlCl 3 solution, taking the normal calomel electrode 
as zero: 
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Quarter, half, and fully saturated potassium chloride 
solution as intermediate solution. 


P.D* against P.D. against 

.^-calomel electrode. .^/10-calomel electrode. 


Concen¬ 
tration 
of A1C1«. 
2-29 
0*368 
0*0409 
0*0184 
0*0092 
0*00613 
0*00460 
0*00306 


-0*0090, 
+ 0*0294, 
0*0766, 
0*0970, 
0*1174, 
0*1267, 
0*1352, 


-0*0114, 

0*0282, 

0*0768, 

0*0976, 

0*1168, 

0*1256, 

0*1328, 

0*1420, 


-0*0137 

0*0278 

0*0772 

0*0978 

0*1165 

0*1263 

0*1320 

0*1420 


-0*0615, 
-0*0249, 
+ 0*0238, 
0*0444, 
0*0636, 
0*0721 


-0*0626, 

-0*0262, 

0*0238, 

0*0444, 

0*0634, 


-0*0664 

-0*0267 

0*0234 

0*0444 

0*0633 


ITn 

extra¬ 
polated. 
-0*0140 
+ 0*0273 
+0*0772 
+ 0*0986 
+0*1150 
+0*1260 
+ 0*1320 
+ 0*1420 


0*0868, 0*0870, 0*0880 


Similarly, the values of of calomel electrodes filled with 
aluminium chloride solutions saturated with aluminium hydroxide 
were obtained: 


Concentration 
of AlClj. 
2*88 
0*934 
0*0676 
0*00675 


P.D. against iV-calomel electrode using 
qi.ai’ter, half, and fully saturated 
potassium chloride solution. 


-0*0105, -0*0132, -0*016 
+ 0*0106, 0*0092, 0*0070 

+ 0*0721, 0*0720, 0*0710 

+ 0*1185, 0*1180, 0*1172 


extrapolated. 
-0*017 
+ 0*007 
-f 0*070 
+ 0*117 


For the calculations of conductivities, Jones' data {Carnegie 
Inst. Puhl.^ No. 170), which agree with those of Ley {Zeitsch. 
physikal. Chem., 1899, 80, 206), were used. 


Molecular 
conductivity 
at 25®. 


Dilution V 
1 mol. in 
V litres. 


Molecular 
conductivity 
at 25°. 


Dilution t) 
1 mol. in 
V litres. 


193*51 4 

220*86 8 

266*12 32 

308*80 128 


341*24 

612 

360*66 

1024 

381*44 

2048 

398*79 

4096 


Calculation of Dissociation. 

The single potentials, were plotted against logc, and the 
values of for use in the following calculations were taken from 
the smooth curve. 

The concentrations of chloridions were found in the following 
way. If iTjj were the potential of a calomel electrode in a given 
aluminium chloride solution, then the concentration of a potassium 
chloride solution in which the calomel electrode had this same 
potential, was found from the curve showing the relation 
between the potential of a calomel electrode and the logarithm of 
the concentration of potassium chloride. It was assumed that the 
concentration of chloridions in these two solutions was the same, 
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and the absolute value of the chloridion concentration was then 
calculated from measurements of the conductivity of potassium 
chloride solution. The following values of for calomel elec¬ 
trodes in potassium chloride solutions were used (Abegg, Auerbach, 
and Luther, Ahhandl. Bv/nsen Ges,^ No. 5): 

TTjs^ of N‘ calomel electrode at '25'^ = 0*000 volt 
„ N/IO- „ „ „ 0‘0541 

„ N/lOO- „ „ „ 0-1087 

„ N/1000- „ „ „ 0*164 


Column 3 (table I) was calculated in this way. From this, the 

ratio column 4, was obtained. 

c 

For example, in an 0-0092iV-solution of aluminium chloride the 
potential of a calomel electrode is equal to the potential of a 
calomel electrode in potassium chloride solution, for which 
log c = 3*9114, that is, 0-008155A. This, being ionised to the 
extent of 94*6 per cent., has [CP]-0*007715, which must be 
identical with the concentration of chlorine ions in an 0*0092J- 


solution of aluminium chloride. 


Hence .r- 0-8381. 

c 


The [CL] was not calculated directly from the formula 


TT--0*0591 logi„[Cl'], 


because second-class (anionic) electrode potentials do not agree 
exactly with the values calculated from conductivity data, possibly 
due to the formation of complex mercury ions. 

Hydrogen electrode potentials, however, were found to vary 
strictly according to the formula 7r=-0*0591 logioC,,, when the 
concentration of hydrogen ions, C^, is determined from conductivity 
(Bjerrum, Zeifsch. physikal, Ghem.^ 1905, 63, 428; 1907, 69, 341). 

Thus column 7 (table I) was calculated from the potential of 
hydrogen electrode, ttjj (referred to the normal potassium chloride- 
calomel electrode as zero), the difference of the two normal 
electrodes having been taken as 0*2837 volt. 


C 

The ratio, (column 8), shows the degree of hydrolysis, h, 
c 

For example, the potential of a hydrogen electrode in 0'0092A'' 
aluminium chloride solution is -0-5037 volt. 
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Table I. 


1 

2 

3 . 4 

5 

6 

7 

8 

9 

c=con- 
contration 
of AlClg in 
gram- 
equivalent 
per litre. 

login C. 

[Cr]. a;. 

x\ 

in volt. 

[H*]. 

[H] , 

Maxi¬ 

mum 

2/0* 

000306 

.3-48672 

0-00267 0-873 

0-836 

0-5162 

0-000116 

0-0378 

0-065 

000460 

3-66276 

0-00395 0-859 

0-829 

0-5118 

0-000138 

0-0300 

0*057 

000613 

3-78746 

0-00522 0-861 

0*825 

0-5080 

0-0001603 

0*0262 

0-058 

000920 

.3-96400 

0-00772 0-838 

0-817 

0-5037 

0-0001897 

0-0206 

0-061 

001685 

2-2000 

0-01295 0-817 

0-80.3 

0-4980 

0*0002275 

0-0143 

0-065 

002291 

2-3600 

0-01848 0-806 

0-794 

0-4937 

0-000280 

0-0122 

0-067 

003162 

2*5000 

0-0251 0-793 

0*783 

0-4900 

0-000323 

0*0102 

0*072 

006012 

2*7000 

0-0387 0-772 

0-764 

0-4850 

0-000393 

0-00783 

0-078 

0*1685 

1*2000 

0-1149 0-726 

0*721 

0-4710 

0-000669 

0-0042 

0-093 

0*480 

1-6810 

— 0-666 

0-664 

— 

— 

0-00362 

0-112 

0-631 

1-800 

— — 

0-646 

— 

— 

0-00360 

— 

1*2369 

0-092 

0*7550 0*611 

0*607 

0-4190 

0-00520 

0*00421 

0-131 

2*290 

0-3598 

1-310 0-672 

0*664 

0-3870 

0-01807 

0-00789 

0*146 


Hence 0-0591 logmCH- = -0-5037 + 0-2837= -0 2200 volt 


0-2200 


iog,„c„.= -3-722=4-278 

[897 

= 0 0206 = 2*06 per cent. 


0:0591 

from which Ch. =0*0001897 


As the hydrolysis in the solutions used is less than 3*8 per cent., 
we may neglect the concentrations of cations such as Al(OH) 2 * 
and Al(OH)*’, and assume 

[Ar ••] + [Alcr •] + [Alci;] + [H-]» [cr], 

or 

3c2/g + + cy^ + Ch- = 

from which it follows that 


+ 2^2 yX — h — . 

The values of (column 5) are obtained by subtracting the 
numbers in column 8 from those in column 4. 

This number, , limits the value of the maximum value of 
x' 

which can be (when no other cations exist in solution, in which 
o 

case, also, is at a maximum). The minimal value of y^ is 
—I in the case when most of the AlCl" cations are formed. 
In this way, columns 9, 10, and 11 were obtained. 

Considering the difficulty with which second and third ionic 
(ffiarges are acquired, the minimal values of y^ are more probable. 
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Table I. 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 20 



Equi¬ 










valent 










con¬ 







4 

Maxi¬ 

Mini¬ 

duc¬ 





a — 



mum. 

mum. 

tivity. 


A 

ith' 


fH-p 



ys- 

^3- 

\c. 

A. 

x'" 

in volt. 

[HT 

lH:y 

?/3- 

^2- ?/!• 

0-278 

0-168 

120-2 

40-9 

49-0 

as -n-H. 

as [HA 

1 

0-180 

0-142 <-01 

0-276 

0-162 

116-3 

40-7 

49-3 

— 


— 

0-175* 

0-1.53* — 

0-275 

0-158 

113-7 

40-5 

48-93 

— 

— 

— 

0170* O IOI* — 

0-272 

0-150 

110-3 

400 

48-74 

— 

— 


0 I60* 0-169» — 

0-268 

0-136 

106-0 

39-0 

49-18 

0-503 

0-000187 

0-811 

0-146 

0-178 0-009 

0-265 

0-127 

103-0 

38*1 

47-88 

0-4985 

0-000207 

0-761 

0-137 

0-187 0-009 

0-261 

0-116 

100-0 

36-9 

46-8 

0-498 

0-000227 

0-727 

0-131 

0-188 0-014 

0-255 

0-097 

95-3 

34-5 

45-18 

0-4955 

0*000260 

0-684 

0-123 

0-19 — 

0-240 

0-054 

83-3 

27-5 

38-14 

0-490 

0-000323 

0-418 

0-075 

0-2 0-10 

0-221 

0 

— 

— 

— 

0-487 

0-000392 

0-248 

0-044 

0-2 0-13 

0-202 

0 

_ 

_ 

_ 

_ 

_ 

_ 

z 

z z 

0-188 

0 

— 

—. 

— 

— 

— 

— 

— 

— _ 


These values are found by extrapolation. 


In order to obtain more precise numbers, conductivity results 
have to be included. Denoting by d/j, the mobilities of 

cations carrying the total charge of one faraday each, that is, of 
the ions AlCU’, iAlCl**, iAT" respectively, and taking the 
mobilities of chloridion as 75*0 and that of hydrion as 365*0 at 
25®, the €H][uivalent conductivity of a solution of aluminium 
chloride, Ar, is 

A,. 3//33/“3 -f- -I- -j- .r . 75 + ^ . 365, 

from which A is obtained (column 13), as 

A — + !f\^\ — x .lb — h . 365. 

The total charge carried by the three different cations AlCU*, 
Aid**, and Al**’ is cx^ faradays, and as they contribute to the 
conductivity, the amount A , the mean equivalent mobility for one 
4 

cation is - . Since this value, as is evident from column 14, 
x' 

approaches 49-2 as the solution becomes very dilute and all the 
cations become Al***, the number 49*2 has been taken as the most 
probable equivalent mobility of AT**. 

In order to evaluate the other unknowns, more relations are 
necessary. These are obtained from the most dilute solutions 
where the third stage of hydrolysis is reached, and are supposed 
to be in equilibrium with solid aluminium hydroxide, the values 
of TTjj in pure aluminium chloride solutions and in those saturated 
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with aluminium hydroxide (column 16) coinciding in concentrations 
less than O'OliV. In these solutions, 

[ORJ 

where JlAKtiHia denotes the ionic product of aluminium hydroxide. 
Its value lies, according to the values of between 1‘0 and 
1*6 (the ionic product of water being taken as 10“^^). 

Further, in most dilute solutions is negligible, so that 

Solving these equations for the three most dilute solutions, we get 
^AKOH), - 1*06 X 10-33 M, - 47*0. 

il /’3 = about 30, 

and the different values of Vj, yg* ^^d are given in columns 18, 
19, 20. 

The values of in concentrations greater than 0*01 A"' were 
calculated from the ratio of hydrion concentrations [H']' in solu¬ 
tions of aluminium chloride saturated with aluminium hydroxide 
to [H’] in solutions of aluminium chloride alone. In column 17 
a denotes the ratio of the cube of [H*]' obtained from the potential 
TT^' of the hydrogen electrode in these solutions to the cube of 
[H*] in aluminium chloride solutions. 

Conchmom. 

Progressive Hydrolysis .—In solutions below 0*01 A^, the third 
stage of hydrolysis exists, 

AlCl3+3HOH-Al(OH)3 4 3HC1, 
or the ionic reaction 

Ar*’ + 30H' —> A1(0H)3. 

For the second stage, having the ionic reaction 
AlCr* + 20H'—> A1C1(0H)2, 

the expt.»io, 

should be constant. Here denotes the ionic product of water. 
Similarly for the first stage, the expression 

[H-]. [AlCljOH] 

should be constant. 

These relations cannot, however, be tested, as the concentrations 
of A1C31(0H)2 and AlCl(OH )2 are not Imown with sufficient 
accuracy. 

Since the base AlCLOH containing two chlorine atoms is prol>- 
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ably weaker than the base A 1 C 1 ( 0 H )2 having one more chlorine 
atom in place of hydroxyl, the slight increase of hydrolysis in the 
most concentrated solutions (minimum in 0’5A-aluminium chloride 
solution; see Fig. 2) might be interpreted as due to first-stage 
hydrolysis. 

A similar minimum of hydrolysis in the most concentrated solu¬ 
tions was found by Kablukov and Sachanov (Zeitsch, physikal. 
Chem^f 1909, 69, 419) in the hydrolysis of aluminium bromide at 
25® and by Bruner {Zeitsch. physical. Chem.^ 1900, 32, 133) in the 
hydrolysis of aluminium chloride at 40®. 

The determination of hydrolysis by means of hydrogen electrode 
potentials has been made by Denham (T., 1908, 93, 41), who 
obtained for aluminium chloride solutions ranging from 0*19 to 
0*0247\^, values of the potential of the electrode about 20 millivolts 
lower than those observed by the author. He therefore fotind 
three times more hydrolysis. In his experiments, the liquid 
potential was eliminated by means of a concentrated solution of 
ammonium nitrate, the solutions being allowed twenty-four hours 
to come to equilibrium. 

The hydrolysis of aluminium salts seems to be influenced by the 
mode of dissolution. For example, if the solution is raised to a 
temperature above 25®, it does not necessarily return to the same 
condition at 25® as it was before (Jones, loc. cit.). Moreover, a 
slight excess of hydrochloric acid in the dry salt would cause too 
great an acidity, and any adjustment of the equilibrium takes 
place very slowly. This difficulty in attaining equilibrium, if once 
disturbed, seems to be due to the presence of colloidal aluminium 
hydroxide, which exhibits the phenomenon of ageing, showing 
marked insolubility when not in the nascent state. The solutions 
must be therefore prepared and kept so far as possible at the same 
temperature. Kablukov and Sachanov’s results {loc. cit.) for the 
hydrolysis (at 25®) of aluminium bromide, calculated from E.M.F. 
measurements, are very close to the values given in this paper. 

The Heat of Ionisation of Aluminium Hydroodde .—Kulgren 
{Zeitsch. physikal. Chem., 1913, 86, 466) measured very accurately 
the hydrolysis of aluminium chloride at 85® and 100®. From his 
results, and from the values given in Fig. 2 (curve h), the heat of 
ionisation of aluminium hydroxide can be obtained in the follow¬ 
ing way. 

The degree of hydrolysis of aluminium chloride at the dilution 
t; = 612 is 4*7 per cent, at 35®, 34*09 per cent, at 85®, and 47*68 
per cent, at 100®. Since at this dilution the third stage of hydro¬ 
lysis exists, the heat of ionisation of the reaction, 

Ar’>30H'-->Al(0H)8 solid, 
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can be calculated from the data given above by means of van*t 
Hoff’s isochore. 

Thus, considering the equilibria at two temperatures, T and 
|ai(oh)4.jc ^ [Ai-].[OH']3 [Ar-].ii:^8.[H7» 

[ a \{ uh ) 2 ': k ' [Ar-]';[oH']'3 “ [Ar-j'.zv.fs-f* 

Further, at the same dilution, t; = 512, the concentrations of the 
Al”* ions can be taken as equal to the non*hydrolysed portion in 
solution, and since at this great dilution some solid aluminium 
hydroxide will certainly have separated out, we can write: 

[Al (QH), ] Ij-h KJ h/* 

[Al(OJi)3]'. K' \.h'- K'J • h»’ 

where h denotes the fraction hydrolysed and ^akoh), aad Xaiioh), 
are the solubility products. Substituting in van’t Hoff’s formula, 
we get: 


Q 


= E 


^logizA 

r-r ‘'i-h' K'j h*' 


Taking at 100° = 48 x 10-“, at 85° = 27-6 x 10-« and at 
25° = lxl0”i*, as extrapolated from Noyes’ numbers (Zeitsch. 
physikal. Chem,^ 1910, 73, 1), we obtain: 

Q between 25° and 100^^ = 11970 cal., 

Q „ 250 850 = 12860 cal. 

Thus the heat of ionisation of one gram-molecule of solid aluminium 
hydroxide into the ions Al**’ and OH' is about 12000 cal. 

When neutralised by strong acids, one equivalent of aluminium 
hydroxide should evolve 13*700 calories less than the heat necessary 
to ionise the molecule, that is, 

13700-4133 = 9567 cal. 


Thomsen found 9320 cal., which agrees with the calculated value, 
indicating a base of medium strength. 


The Diffusion Potential. 


Having found the ionic concentrations and the corresponding 
mobilities, it seemed interesting to compare the potential differences 
observed on liquid boundaries between single aluminium chloride 
solutions with the values calculated from Henderson’s formula 
{Zeitsch. physikal. Chem.y 1908, 63, 325). The formula for the 
diffusion potential E is 


where 


E 


F ■ (Ur + Fj'') -(U^'+ F,') U ^'+TV ’ 


i7i««iCi + MjC,+ .... Fj-i;jCi+t)jC2+ .... 

U'j' = ttiCiWj + WjC2l<’2+ .... Fi'-UiCiWj + Vj^«>j+ . . . . 
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c, c denoting concentrations of cation and anion, 

u, V „ equivalent mobilities of cation and anion, 

WjW „ valencies of cation and anion respectively. 

In the special case of aluminium chloride, 

Fj = 7 ^'«-^c’l. ca; = 75 . ca;. 

(specific conductivity), therefore = Kc - 75 cx. 
- Fj = JCc - 150 ex = c{\c - 150x). 


Further, neglecting the hydrolysis, 

C7/ = c{y^M^ + 2 ?/ 2 . 21/2 4 - 3//8. *dM^) 

hence 77^' - 77^ = c{^y^M .2 + 

further 77/ 4- F/ - 4- 4* 77^ 4 - 

= c{\c + Si/gilfg + Gi/jTlfg). 

Finally, 

E = 0*059__ 150x)^—c (^c^ '^150x )_ 

c(Ac + 


xlog 


c(X<, + '2y^M.^ + 6;?/,7l/,) 
cXXe' + 23/,'iV,+ 6i3"'3/3)' 


Table II. 


Preliminary Calculations. 


Concen¬ 
tration 
of Aia, 
in equiv¬ 
alent/ 
litre. 


X. 

2 /a* 

2 AT 22/3 4 - 
2/i* fiAfji/j. 

A,- 

150j;. 

Ao4* 

2 M,y,4- 

OMsyj. 

a — 
C(A,.- 
150a:). 

6 = 
C(^c + 

2Af 22 / 84 - 
6M32/3)* 

01227 

85*7 

0*730 

0*1 

0*2 48*4 

-23*8 

134*1 

-2-92 

16*46 

0*0184 

104*7 

0*814 

0*14 

0*18 68*3 

-17*4 

163*0 

-0-32 

2*99 

0'0092 

110*3 

0*838 

0*16 

0*17 03*4 

_14*4 

173*7 

-0133 

1*698 

0*00813 

113*7 

0*851 

0*17 

0*16 05*3 

-14*0 

179*0 

-00858 1 097 


Calculation of ^ log^Q^^ volts. 

According to Henderson’s paper, the E.M.F. is here denoted as 
positive if the current passes from the first solution to the second 
inside the cell. 


E.M.F, measured between 
calomel electrodes 
in AICI 3 solutions of P.D. of 

concentration. single 

E.M.F. observed 
without elimin¬ 
ation of 

E 

E 

calcu¬ 

^.-. 


electrodes. 

diffusion P.D. 

observed. 

lated. 

01227 

0*0184 

0*019 

0*0100 

-.0*009 

-0*0084 

0*1227 

0*0092 

0*040 

0*0290 

- 0*011 

- 0*0112 

01227 

0*00613 

0*046 

0*0321 

-0*014 

-0*0128 

0*0184 

0*092 

0*017 

0*0153 

- 0*002 

-. 0*0022 

0*0184 

0*0613 

0*027 

0*019 

-0*008 

-0*0032 
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In table II, the potential differences calculated in this way are 
compared with those directly observed, this being the first instance 
in which Henderson’s formula could be tested in the case of 
tervalent ionp. 

Fig. 2. 



The Activity of Hydrochloric Acid in Aluminium Chloride 

Solutions, 

The results of E.M.F, measurements are plotted in Fig. 2. The 
lines marked ttkci fl^nd fl’Aici, giv® the potentials of calomel elec¬ 
trodes in solutions of potassium chloride and aluminium chloride 
respectively, showing that the activity of chlorine ions in aluminium 
chloride solutions is very near to that which obtains in equivalent 
solutions of potassium chloride, the dissociation into chloridions 
in the case of aluminium chloride being only about 20 per cent, 
less than in the case of potassium chloride. 
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The abscissae in Fig. 2 are in all cases logarithms of the con- 
centration c expressed in gram-equivalents per litre, 

C 

The curve h = shows the change of hydrolysis with dilution. 
c 

The curve tTjj. represents the potential of the hydrogen electrode 
in aluminium chloride solutions, referred to the normal calomel 
electrode as zero (the values to be taken as negative). 

The curve shows the variation of E.M.F. of the cell 

Hg I calomel, AICI 3 solution | H 2 , giving the activities of chlorine 
and hydrogen ions, or the activity of hydrochloric acid, according 
to the formula 

= 0-2837-00591 log,[Cl'] 

= 0-2837-0 1182 login [HCl]. 

Thus the curve shows the partial pressures of hydrochloric 
acid formed by the hydrolysis of aluminium chloride. 

If this curve is compared with the curve expressing the 

partial pressure or activity of pure hydrochloric acid solutions as 
obtained from the results of Tolman and Ferguson (loc. cit.), 
corrected from 18® to 25®, it is possible to find for every aluminium 
chloride solution the concentration of pure hydrochloric acid, which 
would have the same activity of hydrogen chloride (exert the same 
partial pressure). 

Thus in 2*29 iV-AlCla the HCl tension is that of 0*176 iV'-HCl. 


100 

J} 

„ 0-0582 

0-368 

tJ 

„ 0-0184 

0-100 


„ 0-00617 

0-0184 „ 


„ 0-00178 


the potential difference between calomel and hydrogen electrodes, 
that is, the ordinate in each pair of solutions being the same. 

The values of E^c\ for dilute solutions have been obtained by 
extrapolating from the observed values and assuming that 
increases by 0*1182 volt for a decrease in concentration of 10 : 1 . 

Similarly, the line .E'aici, was produced in the direction corre¬ 
sponding with the theoretical increase of E.M.F, by 

log[H-]. [Cl'] = ^log[Ar”]i.c-^logcJ = f, . 0-0591 volt 

for tenfold dilution, which at the highest dilutions will be greater 
owing to the decrease of Al*** ions due to the precipitation as 
A1(OH)s. 

As is seen in the figure, these lines will meet at a normality of 
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about 0*000027, where practically total hydrolysis is reached, so 
that in concentrations less than 10”^iV', aluminium chloride behaves 
similarly to boron trichloride, which is completely hydrolysed in 
solution; on the other hand, aluminium hydroxide does not dissolve 
in 10”®iV'-hydrochloric acid to form aluminium chloride. 

The value of ttjj at great dilutions has been assumed to be pro¬ 
portional to log[H’]. From this, the value of in a neutral 
solution is 0*70 volt. 

The line .^Kn) representing the activity of hydrochloric acid in 
solutions of an ideal non-hydrolysable chloride of a strong base, 
has been drawn, in which tTj^ is taken as equal to 0*700 volt. 

Similar E.M.F. curves for chlorides must all lie between the 
two extremes, namely, and jE?hci lines, the slope becoming 

steeper as the alkalinity of the metal decreases. Thus a chloride 
of a strong base like lanthanum trichloride would give a curve 
very similar to whereas boron chloride would give nearly that 
of This would be a precise and distinct way of expressing 

hydrolysis. 

Summary, 

(1) From conductivity data and EM.V. measurements of 
aluminium chloride concentration cells, the amount of ionisation 
and hydrolysis was determined, and the gradual ionisation of 
cations calculated. 

(2) The ionisation of aluminium chloride into chloridions is 
about 20 per cent, less than the ionisation of potassium chloride of 
equivalent concentration. 

(3) The basic solubility product of aluminium hydroxide is 

[Ar“].[OH']3 = l*06xlO”3S. 

(4) The heat of ionisation of aluminium hydroxide has been 
calculated. 

(6) The mobility of the ion Al”* = 3x49*2, that of the ion 
AlCr* = 2x47. 

(6) Henderson^s formula for the diffusion potential between 
solutions of aluminium ^loride has been found to hold good. 

Chemical Dbpabtment op 

Univebsity College, London. 

Chemical Institute of the 
Czech Univebsity, Pbague. 


[Receivedf October 20thf 1919.] 
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IV .—The Electroaffinity of Aluminium. Part //. 
The Aluminium Electrode. 

By Jaroslav Heyrovsky. 

Passive Alummium. 

Potentials ,— The position of aluminium in the electro-potential 
series has long remained uncertain. Thus Streinz {Ber. Wien. 
Akad.y 1878, 77, 410), from measurements in aluminium nitrate 
solutions, placed aluminium as follows: 

— .... Mg, Zri, Cd, Sn, p^, Fe . . . . 4-, 

and from meavsurements in aluminium chloride solutions thus: 

— .... Mg, Zn, Al, Cd . . . . 4-. 

Wright and Thompson {Phil, Maej.^ 1885, [v], 19, 102, 197) 
found aluminium to be more positive than zinc in solutions of 
chlorides by 0*280 volt, of bromides by 0*295 volt, and of sulphates 
by 0*537 volt, although from thermo-chemical determinations they 
expected a potential one volt more negative than for zinc. 

Neumann (Zeitsch. pin/sikal. Chem,y 1894, 14, 193), using 
amalgamated aluminium, placed it as follows: 

... Mg, Al, Mn, Zn . . . 

Burgess and Hambuechen {Electrochem. Ind,, 1903, 1, 165) 
found that the potential of aluminium wires varied from —0*3 to 
~1*3 volt (referred to the normal hydrogen electrode). 

Van Deventer {Chem. Weekhlad., 1907, 4, 625, 771) found that 
amalgamated aluminium had a potential similar to magnesium, 
whilst the inactive metal was more noble than zinc. 

Obviously, in all cases where the metal is not amalgamated, 
aluminium remains in a passive condition, the passivity being 
caused by a skin of oxide or hydroxide, as is evident on dissolving 
aluminium in dilute alkalis or during amalgamation, when the 
coherent skin peels off. 

The potential of metallic aluminium, like that of any passive 
electrode, is not influenced by the presence of aluminium ions in 
solution. The metal behaves rather as a gas electrode, being 
sensitive to oxidising and reducing agents, besides being influenced 
by anions (compare Jory and Barnes, Trans, Amer, Electrochem, 
Soc.y 1903, 3, 96). Great sensitivity to shocks was also observed. 
The following table of experimental results shows the passivity of 
aluminium wire: 
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Cell (at room 
temperature), 

first electrode is -f. Behaviour. 

I calomel I Showing sudden changes and great flue- 

JV^-KClsoln. tuations of E,M.F. 


; calomel 
|iV/10-KClsoln. 


|A1 When not moved 

Immedat^ly after the aluminium surface 
has been rubbed on glass fragments. 

Allowed to remain. 

Again rubbed. 

Current of oxygen passed round the 
electrode. ( 


Observed 

in volts. 
0-77—1‘67 


0-76—0-80 
1.40—1-47 


0'6—-0-7 
(least observed 
E.M.F.) 


Current of hydrogen passed. 


The potential is most negative in solutions of chlorides; it is less 
negative in bromides, iodides, sulphates, and most passive in nitrate 
solutions. Evidently solutions of compounds of a more oxidising 
character passivify aluminium more intensively. This is in accord¬ 
ance with the known fact (compare Miiller, Zeitsch, physihaf. 
Ghem.y 1909, 69, 481) that the passivifying influence of an anion 
is inversely proportional to the solubility of the product formed at 
the electrode (that is, the oxide). 

Dissolution of Metallic Aluminium. —The combined action of the 
active cation H* and the anions Cl', Br', and I' activates 
aluminium so that it decomposes water, evolving hydrogen even in 
the dilute acids. Centnerszwer and Sachs {Zeitsch. physikal. 
Ghem.y 1914, 87, 692) found that the rate of evolution of hydrogen 
in iV^-hydrochloric add was 0*066 c.c. per sq. cm. per minute, in 
W-hydrobromic add 0*002 c.c., and in hydriodic acid still less. 
The dissolution in iV-sulphuric acid was much slower, whereas in 
nitric acid no hydrogen was evolved. 

The following experiments were made at the ordinary 
temperature: 

Evolution 

Acid used. of hydrogen. Notes 

Sulphuric acid N/10. None. But solutions in contact with metal for 

some days were found to contain 
aluminium salt. 

„ N. Slow. — 

„ concentrated. Slow. Yellowish or orange coating of sulphur 

deposits on metal. 

Nitric acid, dilute or None. Solutions were found to contain alu- 
concentrated. minium salt. If some chloride is 

added, bubbles are evolved at once. 

Hydroohlorio acid, di- Strong. If potassium chlorate is added, evolu-' 
lute or concentrated. tion increases. 

Sulphurous acid. Moderate. Odour of hydrogen sulphide. 
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Evolution 

Acid used. of hydrogen. Notes. 

Organic acids. None. Insoluble. 

Potassium iodide axid Slow. — 

iodine solution. 

Potassium* sodium or Strong. Concentrated ammonia and pot€issium 
barium hydroxides, carbonate solutions also dissolve the 

dilute or concen- metal, 

trated. 

The dissolution in pure concentrated sulphuric acid is interest¬ 
ing. If we suppose that electrochemical processes cause corrosion, 
then the precipitation of sulphur on aluminium must be regarded 

as cathodic deposition, the few cations, S., which might exist 

in minute quantities in concentrated sulphuric acid being thrown 
down as a more noble element with less solution tension than 
aluminium. 

Electro-deposition of Metals hy .4-Similarly, the 
deposition of any other more noble metal on aluminium is 
influenced by anions present in solution, as they determine the 
potential of the metallic aluminium. 

In this connexion, the following results were obtained: 

Evolution 

Solution into which Deposition of 

eduminium is dipped. of metal. hydrogen. Notes. 

Gold chloride, dilute. Gold deposits at once. Strong. Solution turns violet. 

Mercuric chloride, Instantly amalgamated. Strong. — 

dilute. 

Mercurous chloride. Slow amalgamation. Slow. Mercurous chloride 

must be in contact 
with metal. 

Solution of mercuric No action. — If trace of. chloride 

oxide in nitric acid. is added, amalga¬ 

mation occurs. 

Silver nitrate, dilute Fine crystals of silver. None. — 

or concentrated. 

Cupric chloride, cu- Copper deposits readily. Slow. Solutions decolorise- 
I^ric bromide, cupric 
chloride and potass¬ 
ium iodide. 

Copper sulpliate. Very slow deposition of None. — 

copper. 

Fehling’s solution. „ „ Slow. — 

Cupric nitrate. Scarcely any action. — — 

Ammoniacal copper No action. — — 

solution. 

Ferric chloride. Dark powder deposits. Slow. — 

Ferrous sulphate. No action. — — 

Zinc chloride. No action. — — 

Zinc sulphate. „ — — 

Alkaline solution of Grey crystalline powder. Slow. — 

zinoate. 
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Active Aluminium, 

Aluminium when active, that is, when dipping into a solution 
of hydrochloric acid or alkali hydroxide, decomposes water vigor¬ 
ously and cannot be used for precise E.M,F, measurements. 

Neumann (Zoc. cit,) therefore used amalgamated aluminium, 
which causes less rapid evolution of hydrogen. He obtained as 
the mean value of rather variable potentials: in A-aluminium 
sulphate solution — r317 volts, in A-aluminium chloride solution 
— 1-292 volts, in A-aluminium nitrate solution —1 052 volts, 
referred to the normal hydrogen electrode as zero. 

Even such an electrode is far from being a reversible one, since 
the hydrogen ions discharging on the electrode make the potential 
more positive, just as silver ions do in silver concentration cells. 
If the evolution of hydrogen could be prevented, that is, if the 
potential of hydrogen could be lowered below that of aluminium, 
a reversible aluminium electrode would be obtained. 

The potential of amalgamated aluminium wires in 0 0213A- 
aluminium chloride solution saturated with hydrogen under atmo¬ 
spheric pressure was, indeed, found to be less variable and more 
negative, namely, —T330±0*003 volts, but slow evolution of 
hydrogen could not be prevented. 

The high overvoltage of hydrogen on a mercury surface makes 
it possible for a dilute amalgam of a very negative metal to behave 
as a reversible electrode, because the evolution of hydrogen is 
almost entirely prevented. 

Lewis (J. Amer, Chem. Soc., 1910, 32, 1458; 1912, 34, 119; 
1913, 35, 340; 1915, 37, 1893) has been able to determine the 
electrolytic potentials of alkali metals using dilute amalgams, and 
the same method has been adopted here for aluminium. 

Preparation of Aluminium Amalgam .—About 0*4 gram of 
aluminium (99*6 per cent.) was dissolved in 200 grams of pure dry 
mercury by boiling for two to three hours in an atmosphere of dry 
carbon dioxide. On cooling, some solid amalgam separated out 
on the surface, showing that this very dilute (about 0*1 per cent.) 
amalgam is saturated. This amalgam is extremely easily decom¬ 
posed in moist air, instantly losing ite lustre aind becoming covered 
by hydroxide, this being no doubt due to the great affinity of 
aluminium for oxygen and its small affinity for mercury. 

Whether this saturated amalgam shows any difference of poten¬ 
tial from pure active aluminium or not could not be ascertained, 
since aluminium was found to be passive in dry acetone, ether, or 
piperidine. However, since the liquid amalgam is in contact with 
solid amalgam, their solution tensions must be identical, and as 
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the aluminium seems to be very loosely bound to mercury, the heat 
of oxidation of the solid amalgam has been found to be the same 
as the heat of oxidation of aluminium (Bailie and Fery, Ann. 
Ghim, Phys,^ 1889, [vi], 17, 246). The electrolytic potential of 
the liquid amalgam must be very near to that of ideal active 
aluminium. 

Measurement of E.M.F.—The glass apparatus in which the 
amalgam had been prepared was inverted, and the amalgam 
allowed to pass through a side tap, by which the flow could be 
regulated, into a sealed-on capillary tube (of 1 mm. bore) with a 
platinum contact. The lower end of the capillary tube was bent 
up and opened out, so as to provide a larger surface of amalgam. 
The electrode dipped into a solution of aluminium chloride, which 
was stirred by means of a stream of hydrogen bubbles. The space 
above the solution was thus kept filled with hydrogen under atmo¬ 
spheric pressure. 

The second electrode was a hydrogen electrode consisting of 
platinum coated on glass, as used by Loomis and Acree {Amer. 
Ghent. 1911, 46, 585, 621, 638); there was also a calomel 
electrode attached to the vessel, filled with the same aluminium 
chloride solution, to check the hydrogen electrode from time to 
time. The whole apparatus was kept in a thermostat at 25*0®. 

At the beginning of each experiment, hydrogen was passed 
through the cell until the potential difference between the calomel 
and hydrogen electrode became constant. Then the tap on the 
capillary tube was opened and the amalgam allowed to drop out 
slowly. It was found better to allow the amalgam to flow slowly, 
as on fresh surfaces, after a few seconds, bubbles of hydrogen 
appeared. Since, however, during readings, the potential increased 
by several millivolts, this being no doubt due to electrical adsorp¬ 
tion of ions on drops of mercury, the solution round the electrode 
was stirred by bubbling hydrogen through it, and simultaneously 
the aluminium chloride solution, through which hydrogen was first 
passed, was allowed to flow into the space round the electrode. 

A second series of measurements was made with new amalgams 
and capillary tubes, and the results obtained did not differ by more 
than 10 millivolts from the first series, even in the most dilute 
solutions, whilst in the stronger solutions the agreement was within 
3 millivolts. 

In this way, the following readings were obtained (using 
accumulator, Weston cell, Lippmann electrometer, and potentio¬ 
meter giving readings to 0*1 millivolt): 
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Conoentration of 
aluminium chlorides in 

Mean E.M.F. of 
the ceil; 

Tax referred to the 

gram-equivalents 

1 AlCl, I Al- 
^ 1 solution j amalgam. 

normal hydrogen 

per litre. 

electrode. 

(2-88 

1-128 volt 

—1-284 volt) 

01846 

M64 

~ 1-370 

00676 

1-160 

-1-382 

0 0337 

1-167 

-1-383 

0-0213 

1-146 

-1-381 

0-0107 

M61 

-1-397 

(0-00675 

1-136 

-1-381) 

(0-00213 

1-136 

-1-377) 


The determinations of single hydrogen electrode potentials are 
described in the preceding paper (p. 15), from which the potentials 
of aluminium amalgam electrodes, (third column), could be 
calculated. 

The solutions were prepared from aluminium chloride purified 
by precipitation with hydrogen chloride, and to each solution excess 
of freshly precipitated aluminium hydroxide was added. In such 
solutions, the solubility product [Al***]. [OH']® should be constant 
and equal to h .[Al^OH)^]. Then the electrolytic potential of 
aluminium becomes 


SF 3F ~k 


where A is a constant. 

Such an electrode, therefore, behaves as a hydrogen electrode or 
an oxygen electrode of the type Hg | HgO, and consequently its 
potential, ^Tai, should always differ from the platinised electrode 
by a constant. 

The difference between the two electrodes (column 2) is very 
nearly constant, except in the case of the first solution, whiclfwas 
very viscous and opaque. In the two most dilute solutions the 
BM.F.'s were rather variable, sometimes approaching 1‘16 volts. 
The value of Xai on the whole falls with the increase of acidity and 
concentration of aluminium chloride. 

In order to determine how the potential of the aluminium 
electrode is influenced by different solutions, a simpler form of 
apparatus was used, having two capillary amalgam electrodes 
dipping into solutions saturated with hydrogen and covered by a 
layer of liquid paraffin. In this case, the amalgam was not allowed 
to drop continuously, but the surface was renewed every few 
minutes. 

The values obtained in this way (at 25®) are given in table I. 
Single potentials are referred to the normal hydrogen electrode. 
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Some determinations of single electrode potentials, itai and tt^j, 
are calculated from the results described in the preceding paper; 
the electrode potentials in potassium hydroxide solutions were 
obtained by elimination of the diffusion potential with concentrated 
potassium chloride solutions. 

With fresh surfaces, the E,M,F, rose a few millivolts to a 
maximum, and after three minutes began to fall slowly. If the 
solution round the electrode was stirred or the electrode shaken, 
the E.M.F. fell about 20 millivolts, but reverted to the original 
value on keeping. Oxidising agents, such as dilute solutions of 
ferric chloride or hydrogen peroxide, or even a current of air, 
caused a considerable decrease of negative potential, amounting to 
several decivolts; reducing agents had no influence. 

The more acidic the solution, the more stable was the E.M.F. 
and fewer bubbles of hydrogen appeared on the surface of the 
amalgam. In i\7^/10-hydrochloric acid no bubbles were formed, and 
the EM,F. was constant for ten minutes at 1*5788 volts, whereas 
in alkaline solutions there was a visible evolution of minute bubbles. 


Discussion of Results. 

From the most trustworthy measurements of tt^i in 

0*1845i\r.AlCl8 = - 1*370 volts, where [AT*-]-00130^ 
0-0675 „ =- 1-382 „ „ =00080 

0-0337 „ =-1*383 „ „ =0*0044 


the theoretical value for the electrolytic potential of aluminium in 
a normal solution of aluminium ions EJ\ has been calculated by 
the formula 


E,P. = TTa, 


BT 

~SF 


iog,[Ar’‘] = tta, 


0;0591 

y 


Jogio[Ar"]. 


The values -1*333, —1*341, -1*336 calculated in this way give 
E.P,— —1*337 volts as the most probable value. 

The approximate value of the electrode potential can be obtained 
from the heat of the electro-chemical reaction if we neglect the 


term T. in the equation = (?-f T. ^and assume that the heat 
ctJ. O/J. 


equivalent, Q, of the reaction is equal to the total change of 


energy. 

The heat of the reaction 


JAl-fHCl (in 200 aq.)-> ^AlClg + iHg 


♦ See Part !• 
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is 4r033 calories (Thomsen). It can be regarded as. the difference 
of heats of ionisation of the processes: 

' JAl —> ^A1 -fO 

H —> 4-0 

giving + H, 

from which the calculated potential of the process 
A1 Al— f 30 

is 1'76 volts, whereas the potential corresponding with 31 000 
calories of the reaction 

J A14- HoO JA1(0H)3 + h’^2 

leads to 1*34 volts. This would apply to the electrochemical 
process 

A14-30H' A1(OH)8 + 30. 

The coincidence of the latter value with the observed one was 
pointed out by Kistiakovsky (Zeitsch. physikaL Chem., 1910, 70 , 
260), who suggested similar electrode reactions for magnesium, 
iron, and chromium. 

The reason why only the process 

A1 + 30H' A1(OH)3 4-30 

is the source of electrical energy must be sought in the extremely 
small solubility product of aluminium hydroxide ( = 10’“^^; see 
Part I) effecting considerable hydrolysis. Owing to this, the layer 
of solution close to the sxirface of the amalgam is saturated with 
aluminium hydroxide, so that the potential is determined by 
hydroxyl ion concentration directly, by aluminium ion concentra¬ 
tion only through the solubility product equilibrium. This is 
evident from table I, where with decreasing acidity increases. 
Owing, however, to increasing oxidation of the amalgam in less 
acidic solutions, the values are shifted towards more positive 
potentials, so that in these solutions the potential density from the 
hydrogen electrode (column 4, table I) decreases instead of being 
constant. 

The reason why even in acidic solutions (like O'lA hydrochloric 
acid) the ordinary ionisation potential of A1—>-Al***4-3Q is not 
attained, but the value remains, roughly, that of 

A14 30H' Al(0H) + 3O, 

must be sought in the extremely slight dissociation of aluminium 
hydroxide, which does* not react sufficiently quickly with the acid 
to form aluminium ions, and remains far behind the reaction 

O 2 
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determining . the electrode potential. Moreover, the second reac¬ 
tion might be a molecular one, not ionic, thus: 

Al(OH) 3 -h 3HCl--> AlClsaq., 
and need not take place at the electrode. 


Summary. 

(1) Various potentials of passive aluminium have been measured, 
and the influence of the anion on potential, dissolution, and 
deposition of metals is discussed. 

(2) The potential of active aluminium in the form of saturated 
liquid amalgam has been measured in different solutions. 

(3) The theoretical value of =—1*337 volts at 25°, the 
normal hydrogen electrode being taken as zero. The correspond¬ 
ing electrochemical reaction being 

A1 + 30H'—> A1{0H)3 + 30. 

In conclusion, I desire to express my thanks to Prof. F. G. 
Donnan, at whose suggestion this work was undertaken, for his 
kind interest and advice, I also wish to express my indebtednes-s 
to Dr. R. E. Slade for his constant help throughout this 
investigation, 

Chemical Department, 

University College, London. [Received, October 20th, 1919.] 


V .—The Propagation of Flame in Mixtures of 

Methane and Air. Part I. Horizontal 

Propagation. 

By Walter Mason and Richard Vernon Wheeler. 

In previous communications to this Society a study of the initial 
uniform movement*' of flame in gaseous mixtures has been pre¬ 
sented (T., 1917, 111, 267, 1044; 1919, 115, B78). The majority 
of the experiments of which an account has been given have been 
with methane as the combustible gas. The general conclusions 
drawn as to the character and rationale of the uniform movement 
are, however, applicable to all inflammable mixtures. 

The uniform movement is one phase in the propagation of flame, 
and is of comparatively short duration. The speeds attained by the 
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flames during its regime are comparatively slow; very slow com¬ 
pared with that of the detonation-wave, but slow also compared 
with the speeds during other phases in the propagation of flame in 
mixtures wherein the detonation-wave normally does not develop. 

The value of determinations of the speeds of flames during the 
uniform movement lies in the measure thereby afforded of the 
general behaviour of a given inflammable mixture or range of mix¬ 
tures immediately after ignition, the measurements, when made 
under standard conditions, being physical constants. Knowledge 
is, however, often necessary of the maximum speed attainable at 
any time during the course of the propagation of flame in mixtures 
of a given combustible gas with air or oxygen. Such knowledge is 
of prime importance, for example, in respect of mixtures of methane 
and air, in connexion with the safe working of coal mines. 

In the present paper a description is given of the phases, other 
than the uniform movement, during the horizontal propagation of 
flame in mixtures of methane and air. 

The several series of experiments were carried out in tubes of 
different dimensions and materials. It is important when compar¬ 
ing one series of experiments with another that due regard should 
be paid to the details given respecting the tubes employed. In the 
majority of the experiments measurements of speeds were made by 
the screen-wire method, of which full details have been given 
in earlier papers (T., 1914, 105 , 2610; 1917, 111 , 1053). Supple¬ 
mentary information was obtained by photographic analysis of the 
flames. In order to obtain the photographs the flames were caused 
to travel along a tube of brass, 5 cm. in diameter, furnished with 
a window of quartz which was focussed on a rapidly revolving film 
by means of a quartz lens. The use of quartz enabled the light 
falling on the film to be sufficiently actinic to record the movements 
of the flames with considerable detail. 


(I) Ignition at the Open End of a Tube Closed at the Other Ei]d. 

The initial phase of propagation of flame when the mixture is 
contained in a horizontal tube closed at one end and open at the 
other, and ignition is at the open end, constitutes the “ uniform 
movement.*' 

The linear duration of the uniform movement is controlled by 
the speed of the flame (and thus by the composition of the inflam¬ 
mable mixture); by the length, diameter, and uniformity of bore 
of the tube; in short, by such factors as influence the establishment 
of resonance in the column of gases in the tube. Eventually; as a 
direct outcome of the establishment of resonance, the flame-fropt 
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acquires a periodic undulatory motion (see T., 1919, 115, 684) 
leading sooner or later to violent vibrations which vary considerably 
in amplitude but remain periodic. 

This phase in the propagation of flame was discovered by 
Schloesing and de Mond^sir, and was termed '' le mouvement vibra- 
toire'' by Mallard and Le Chatelier {Ann. des Mines, 1883, [viii], 
4 , 331). Although accurate record can be obtained of the develop¬ 
ment of the vibratory movement under chosen conditions, the 
measurements—of the mean speed of the flame, for example—are 
not of much theoretical significance or practical value, for the speed 
of the flame during any one vibration, and the amplitude of the 
vibrations, is very susceptible of changes, designed or inadvertent, 
in the experimental conditions. 

So far as mixtures of methane and air are concerned, it is perhaps 
sufficient to record a few of the data obtained as indicative of the 
general character of this phase in the propagation of flame for com¬ 
parison with the uniform movement which precedes it. Thus, with 
mixtures containing between 10 and 10*5 per cent, of methane, and 
with a tube of brass 240 cm. long and 5 cm. in diameter, the signi* 
ficant measurements, obtained by photographic means, are as 
follow: 

Speed of flame during uniform movement ... 90 cm. per second. 

Lmear duration of uniform movement. 80 cm- 

Faint undulations of the flame-front appear after the flame has 
travelled 32 cm. The mean speed of the flame is not affected by 
these undulations; their amplitude is small, and their period is 
that of the resonating column of gases in the tube. The amplitude 
of the undulations increases gradually from 1*7 cm. over the distance 
32—50 cm. to 1*9 cm. over the distance 50—60 cm. and 2*2 cm. 
over the distance 60—80 cm. It then begins to increase rapidly, 
becoming 3*6 over the distance 80—90 cm. During this period of 
rapid increase in amplitude of the undulations the mean speed of 
the flame falls to 64 cm. per second. Eventually, the vibratory 
movement,'^ which owes its origin to an undulation of abnormal 
amplitude, is established. 

During the vibratory movement the oscillations of the flame are 
of wide amplitude—25 cm. or more—and the mean speed of trans¬ 
lation of flame is considerably enhanced. It will be seen on exam¬ 
ination of Plate 1, Fig. 1, that the change of speed from that of the 
uniform movement (90 cm. per sec.) to that of the vibratory move¬ 
ment (278 cm. per sec.) is fairly abrupt, and that the latter speed 
is maintained at a constant mean value over a considerable dis¬ 
tance. Finally, as the flame approaches the closed end of the tube, 
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its mean speed decreases, although it still continues to vibrate to 
the end. 

In the table that follows, data are given respecting successive 
portions of the vibratory movement, each portion being specified 
by the distance along the tube over which the flame travelled. 


Vibratory Movement of Flame, 


(Tube of brass 240 cm. long and 5 cm. 

in diameter. 

Methane 


! 

0 

T“H 

- 10*6 per cent, in 

air.) 



Mean 





speed 

Maximum speed 

Amplitude 

Frequency 

Distajice 

of flame. 

during forward 

of 

of 

along 

Cm. 

motion of flame. 

vibrations. 

vibrations. 

tube. 

per sec. 

Cm. per sec. 

Cm. 

Mean values. 

0—80 cm. 

— 

Uniform movement 

— 

— 

80--90 

64 

292 

3-6 

47*7 

90—107 

— 

Gradual change 

— 

.— 

107—170 

278 

2,430 

260 

700 

170—200 

— 

Gradual change 

— 

— 

200—220 

62 

416 

1*4 

450 

220—240 

38 





It may be noted that, as indicated by the frequency of the vibra¬ 
tions, the resonating column of gases is that lying between the 
closed end of the tube and the flame-front at any given moment. 
Thus the calculated mean value for the frequency of vibration of a 
column of gases in an unflanged tube of brass 5 cm. in diameter 
is 48 if the tube is 130—140 cm. long and 74*5 if it is 50—93 cm. 
long. 

These measurements bear reference only to the particular condi¬ 
tions of experiment specified, but they could be reproduced with an 
exactness which must be considered remarkable when the compli¬ 
cated character of the phenomena is borne in mind. In tliis respect 
better fortune has attended the experiments than that which befel 
Mallard and Le Chatelier, who have stated : En repetant plusieurs 
foislameme experience dans des conditions identiques a elles-memes, 
le mouvement vibratoire ne se reproduit jamais deux fois de la 
m^me fa 9 on Qoc. cit., p. 333). No doubt the rapid speed of flame 
in the mixture (CS 2 + 6 NO) employed by Mallard and Le Chatelier 
for their experiments would tend to emphasise irregularities in the 
results. 

It has already been stated that the vibratory movement is the 
direct result of the resonance of the column of gases in the tube. 
It was shown, in connexion with experiments on the propagation of 
flame in mixtures of acetylene and air, that resonance, by whatever 
means induced, can be made manifest by the undulatory motion of 
flame as it travels along tubes, the periods of the undulations agree¬ 
ing closely with the periods calculated for organ-pipes of the dimen- 
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siona of the tubes employed. As the resonance becomes stronger, 
the amplitude of the undulations of the flame front perforce 
increases, since the flame acquires its motion from the vibrating 
column of gases. There is thus produced an agitation of the gaseous 
mixture which eventually becomes of sufficient importance to affect 
appreciably the speed of a flame travelling through it. (In this 
connexion, see T., 1919, 116, 81.) 

The vibratory movement is, indeed, an excellent example of the 
effect of agitation or turbulence in accelerating the translation of 
flame through a gaseous mixture. The effect is a mechanical one. 
During each forward impulse the flame is drawn rapidly through 
previously unburnt mixture by reason of the motion acquired by 
the resonating column of gases. In a certain degree, also, the 
forward motion of the flame is assisted by the expansion in volume 
of the burning gases, especially when the flame is at some distance 
from the open end of the tube, so that escape of the expanded 
gases there is retarded. The latter effect is more pronounced when 
the mixture is ignited at the closed end of a tube open at the other 
end, conditions which will be considered in the succeeding section 
of this paper. 

(II) Ignition at the Closed End of a Tube Open at the Other End. 

The two phases in the propagation of flame, the uniform move¬ 
ment'^ and the 'Wibratory movement," are characteristic of what 
occurs with mixtures of a combustible gas and air when ignition 
is at the open end of a tube closed at the other end. Under such 
conditions, with some combustible gases (for example, hydrogen) 
when mixed with air, and with all when mixed with pure oxygen, 
the vibratory movement is succeeded by the detonation-wave, 
provided that the combustible gas and oxygen are in suitable 
proportions. 

With no mixture of methane and air (at atmospheric temperature 
and pressure) is the detonation-wave thus developed, but the vibra¬ 
tory movement continues until the flame is extinguished, either on 
reaching the closed end of the tube or, occasionally, during an 
abnormally extensive backward movement, before the end is 
reached. 

When ignition of a mixture of methane and air is at the closed 
end of a tube open at the other, no uniform movement takes place, 
but the speed of the flame increases rapidly as it travels towards 
the open end. 

For comparison with the uniform and vibratory movements, 
experiments were made with a aeries of mixtures in a horizontal 
tube of glass 5 cm. in diameter and 600 cm, long. Fine screen- 
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-wires of copper were stretched across the tube at half-metre dis- 
taocee, and the times taken for the flames to travel between these 
screen-wires measured by the method described in previous com¬ 
munications. The mixtures were ignited at a spark-gap 3 cm. 
from the closed end. 

The speed of the flame in some of the mixtures reached 29 m. per 
second over the last half-metre length of the tube, and, so far as 
could be judged, was nearly uniformly accelerated from the begin¬ 
ning. It seemed possible, therefore, that with a tube of greater 
length and larger diameter a permanent maximum velocity of flame, 
such as is characteristic of the detonation-wave, might eventually 
be attained. 

A steel tube 30*5 cm. in diameter and 90 m. long was used to 
test this supposition. It was found that flame did not continue to 
propagate in any mixture beyond a distance of 15 m. from the 
closed end, at which ignition was effected. Violent vibrations were 
developed after the flame had travelled 10 m., in the course of 
which the flame was extinguished. The same result was obtained 
when the mixtures were ignited a few cm. (ten to twenty) from, 
instead of at, the closed end, a condition which would have the 
effect of imparting an impetus to the flame at the beginning, 
thereby hastening the development of the detonation-wave (com¬ 
pare Dixon, Phil. Trans., 1903, A., 200, 345). 

The extinction of the flame after travelling such a short distance 
in a long tube under the conditions of these experiments is no doubt 
caused by the products of combustion, 'when cooling, tending to 
produce a partial vacuum behind the flame (the end of the tube 
from which the flame started being sealed), which is therefore 
dragged back over part of the path it has already travelled. This 
may occur several times, the flame alternately leaping forward and 
being drawn beck, but eventually a sufficient proportion of the 
burnt mingles with the unbumt gasovs to prevent further propaga¬ 
tion of flame. 

(Ill) Ignition at One End of a Tahe o'peti at Both Ends. 

If the reason assigned for the extinction of the flame when travel¬ 
ling from the closed to the open end of a long tube is correct—a 
reason intended to apply only to such comparatively slowly-moving 
flames as are obtained with mixtures of methane and air *—extinc- 

* With mixtures of coal-gas and cur, for example, in which the flames are 
initially more rapid than with methane and air, the vibratory movement 
continues (in a steel tube 30*5 cm. in diameter) until the detonation- 
wave is developed. The speed of the wave, in a mixture containing 17 per 
cent, of coal-gas, is 1750 m. per second. 

O* 
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tion should not occur when both ends are open (so that the cooling 
of tile products of combustion cannot create a partial vacuum behind 
the flame), and the speed at which the flame travels should be 
rapid. 

Several series of experiments were made to test this point, it 
being important to determine the conditions under which the most 
rapidly moving flames are obtained in mixtures of methane and air, 
and the order of magnitude of the speeds. 



The first series of experiments was in a tube of glass 6 cm. in 
diameter and 500 cm. long, for comparison with the series, carried 
out in the same tube, in which ignition was at a closed end. The 
results are shown graphically in Fig. 1, in which distance along the 
tube is plotted against time, zero time being the moment of fusion 
of the first screen-wire, which was 10 cm. from the point of ignition. 

With all but the lower-limit mixture (6*40 per cent, methane), 
in which the speed of flame is uniform, there is a gradual and, so 
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far as the records can indicate, regular acceleration of speed as the 
flame travels from end to end of the tube. In no instance did 
extinction of the flame occur, although in most of the experiments 
slight vibrations were noticed at different stages in the develoj> 
ment of the propagation, the incidence of these vibrations being 
earlier the more rapid was the flame. There was, also, with the 
mixtures richer in methane, a noticeable check in the progress of 
the flame as it approached a particular point, succeeded by a spurt 
forward after that point had been passed. This effect seemed trace¬ 
able to a slight ridge around one of the small holes with which the 
tube had been pierced (by means of a blow-pipe flame) to receive 
the screen-wires used to record the time of passage of the flame. 
This ridge projected less than 1*5 mm. within the tube; the fact 
that it could markedly affect the progress of a flame in a tube 
50 mm. in diameter is a striking example of the sensitiveness of 
flames to turbulence in the mixture, even such slight turbulence as 
the small projecting ridge would cause. This subject will be dealt 
with in a subsequent communication. 

Another series of experiments covered the whole range of inflam¬ 
mable mixtures of methane and air, and was made in a glass tube 
9 cm. in diameter and 620 cm. long. This series is of value for 
comparison of the mean speeds of the flame over measured distances 
with the speeds of the uniform movement in a tube of the same 
diameter. Such a comparison is made diagrammatically in Fig. 2, 
which records speed-percentage curves (A) for the distance 
(measured from the point of ignition) 50—100 cm., and {B) for the 
distance 407—467 cm. in the tube open at both ends, the s|)eeds 
being the mean speeds of the flames over those distances; and 
(C) for the uniform movement. In addition, a curve (D) is given 
showing the mean speed of flame over the distance 20—120 cm. in a 
tube 6 cm. in diameter closed at one end and open at the other, 
ignition being at the closed end. 

The mean speed over the distanc>e 407—467 is seen to be greatest 
in the mixture containing 10 per cent, of methane, and to be about 
four times the speed of the uniform movement in that mixture in 
a tube of the same diameter. The speed of the flame in all mix¬ 
tures (except the limit mixtures) was found, as with the tube of 
5 cm. in diameter, to increase continuously over the whole distance 
travelled, and, as when ignition was at the closed end of a similar 
tube, it seemed possible that the detonation-wave might be developed 
if the flame could travel far enough. If not, it was necessary to 
know what change in the character of the propagation would 
interpose to prevent it. 

The steel tube, 30*5 cm. in diameter, was brought into requisition 

0 ^' 2 
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to test tills. The length of the tube in the first instance was 
15’26 m., and records were obtained of the times taken for the 
fiame to travel measured distances from the point of ignition in 
different mixtures. As usual, the fastest speed of flame was 
obtained with mixtures containing between 9*6 and 10*6 per cent. 


Fig. 2. 



of methane, but no speed approaching that of the detonation-wave 
was recorded, the maximum being 917 cm. per second, attained 
after travelling 14 m. in a mixture containing 10*26 per cent, of 
methane. 

It appeared from the records that the flame, which could not be 










FLAME IN MIXTtJEBS OF METHANE AND AIE. FAET I. 45 


directly observed, had acquired a vibratory character after travel¬ 
ling half the length of the tube. No indication of this was given 
by the sound of the flames as they travelled, and the vibrations 
were presumably of small amplitude. Vibratory propagation in 
the steel tube, such as was obtained when one end of the tube was 
closed, had hitherto been accompanied by a staccato note, but the 
flames now produced seemed, to the ear, to travel unhaltingly from 
one end of the tube to the other, issuing into the air with a sharp 
report. 

The length of the tube was therefore increased to 90 m. in the 
expectation that, if the flame had indeed become vibratory in 
character after travelling 6 or 7 m., a greatly increased distance 
of travel would produce readily recognisable vibrations of large 
amplitude. Such was, in fact, the result; the propagation ulti¬ 
mately became strongly vibratory, but the early stages of the 
propagation were profoundly modified by the increased length given 
to the tube. Instead of increasing rapidly in speed from the 
beginning, as when the tube was 15*25 m. in length, the flames 
now travelled from the point of ignition at a constant and com¬ 
paratively slow speed over a distance of between 12 and 15 m. 
(dependent on the composition of the mixture) and then began to 
vibrate. The vibrations acquired their greatest amplitude about 
half-way along the tube and continued throughout the remaining 
distance. 

In mixtures containing between 9*5 and 10*5 per cent, of methane 
the speed of the flame over the first 12—15 m. averaged 200 cm. 
per second. Thus, the records obtained over this range of mixtures 
were: 

Methane, Initial speed of flame, 

per cent. Cm. per second. 

9-60 198 

9*70 188 

9-75 203 

1010 213 

This speed is a little faster than that of the uniform movement 
in similar mixtures in the same tube (170 cm. per second). The 
important point is, however, that the speed should remain constant 
over so great a distance. Although oi>en at both ends, a long tube 
is thus found to impress upon a flame started at one end conditions 
similar to those obtaining with a shorter tube closed at the distal 
end. The resistance to the expansive force of the burning gases 
afforded by the long column of unburnt mixture in advance of the 
flame corresponds (nearly) in effect with the resistance of a closed 
end; so close is the correspondence that the flame is caused to 
proceed at the outset with a ‘^uniform movement/* but little faster 
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than the uniform movement as ordinarily developed in mixtures of 
the same methane<;ontent in a tube of the same diameter. 

Photographic A najysu of the Flames, 

In Plate 1 are shown time-distance curves, obtained photographi¬ 
cally, for the propagation of flame in a 10 per cent, mixture of 
methane and air in a tube of brass 5 cm. in diameter and 240 cm. 
long. 

The flames travelled horizontally from right to left, and the 
photographic film can be regarded as moving vertically upwards, its 
speed of travel being 30 cm. per second. The full length of the 
tube, 240 cm., is shown in the photographs, each of which is com¬ 
posite, being obtained by joining together photographs of successive 
sections of the tube 30 cm. in length. 

For Fig. 1 the tube was closed at the left-hand end, and ignition 
was at the right-hand, open, end; for Fig. 2 the tube was open at 
both ends, and ignition was at the right-hand end; and for Fig. 3 
the right-hand end of the tube was close<l, and ignition was effected 
there, the left-hand end being open. 

The relative speeds at whicli the flame traversed tlie full length 
of the tube are readily deduced from these photographs, which iso 
illustrate the general behaviour of the flames under the different con¬ 
ditions of ignition of the mixture, and require no description. It 
should be noted, however, that Fig. 3 discloses the presence of rapid 
vibrations during the progress of the flame which, as stated earlier 
in this paper, was judged by visual observation to travel unchecked 
through the tube at a speed which, according to determinations by 
the screen-wire method, seemed to be nearly uniformly accelerated. 

In Plates 2 and 3 details of the flames as they passed through a 
section of the tube 30 cm. in length are shown, the section chosen 
being that indicated in Plate 1 by the vertical white lines. To 
obtain these photographs the speed of the film was increased to 
90 cm. per second. Calculations made from them are as follow: 

Plate 2. 

Tube closed at one end; ignition at open end. 

Mean speed of flame . 245 cm. per sec. 

Maximum speed during forward move- 
ment of vibration . 1,900 cm. per sec. 

Average frequency of vibrations ... 76 

The calculated frequency for the fundamental tone of the tube 
d\mn$ the longitudinal vibration of air within it is 68 if the length 
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of ihe vibrating oolumn be assumed to be 125 cm. and 88 if 95 cm. 
These are the distances of the dame-front from the closed end of the 
tube at the beginning and end of the photograph respectively. The 
mean value is 78. 

Plate 3, Fio. 1. 

Tube open at both ends; ignition at one end. 

Mean speed of flame . 480 cm. per sec. 

Maximum speed during forward move¬ 
ment of vibration . 3,730 cm. per sec. 

Plate 3, Fig. 2. 

Tube closed at one end; ignition at closed end. 

Mean speed of flame . 1,050 cm. per sec. 

Maximum speed during forward move¬ 
ment of vibration . 5,760 cm. per sec. 

Amplitude of vibrations . 30 cm. 

Of the three conditions under which the ignition of mixtures of 
methane and air has been effected in these experiments, that which 
would lead to the most disastrous results in industry is the third— 
ignition at one end of a tube or gallery open at both ends. For 
although the initial speed of the flame is not then so great as when 
ignition is at a closed end, continued propagation is assured, and 
there may be developed momentarily during the vibratory motion 
velocities and pressures as great as any produced throughout the 
life of a flame started at a closed end. 

The fastest speed of flame recorded in any experiment was about 
60 m. per second,' and was of short duration. This is not of the 
same order of magnitude as the speed of the detonation-wave in 
gaseous mixtures. It would not be wise to conclude, however, that 
the detonation-wave cannot, in any circumstances, be developed in 
mixtures of methane and air at normal temperature and pressure. 
On the contrary, in several experiments in the steel tube, 90 m. 
long and open at both ends, in which restrictions were introduced 
at two points (consisting of steel rings which reduced the diameter 
of the tube to 28*6 cm. at those points), the development of the 
detonation-wave seemed imminent. Further description of these 
experiments, which are being continued, is reserved until the 
subject of the effects of turbulence on the propagation of flame in 
gaseous mixtures is discussed. 

Esembals, 

CimBEBLAKD, 


[Receivedt Deeendier 1919.] 
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VI .—The Propagation of Flame in Complex 
Gaseous Mixtures^ Part IV. The Uniform 
Movement of Flame in Mixtures of Methane^ 
Oxygen, and Nitrogen. “ Maximum-speed Mix¬ 
tures'" of Methane and Hydrogen in Air. 

By William Payman. 

It is customary to describe tbe inflammation of a gas mixture 
containing hydrogen and oxygen, for example, as the burning 
of hydrogen in oxygen.'^ This phrase is purely a relative one, it 
being, of course, equally correct to regard the combustion as the 
burning of oxygen in hydrogen. Thus the upper limit of in¬ 
flammability of hydrogen in oxygen is the lower limit of 
inflammability of oxygen in hydrogen. 

Mixtures of a combustible gas with air can be considered in a 
similar way. If, however, we state that the combustible gas, 
hydrogen, for example, is burning in air, the alternative expression 
would be that the oxygen is burning in a mixture of nitrogen and 
hydrogen. A comparison can, in fact, be made over a range of 
inflammable mixtures, between hydrogen and air on the one hand, 
and, on the other, mixtures of oxygen wuth a mixture (or atmo¬ 
sphere'’) containing nitrogen and hydrogen in constant pro¬ 
portions. 

For all practical purposes, atmospheric air may be regarded as 
a mixture of oxygen and nitrogen in constant proportions. To 
investigate thoroughly the mode of combustion of complex in¬ 
flammable gas mixtures, it is evidently desirable to examine their 
behaviour with '' atmospheres ” other than air, the simplest 
problem being no doubt the combustion of a pure, inflammable 
gas, such as methane, in pure oxygen. 

The uniform movement during the propagation of flame in 
mixtures of methane with different atmospheres containing less 
oxygen than air has been examined by Mason and Wheeler (T., 
1917, 111, 1044). The present research deals with mixtures con¬ 
taining more oxygen than air, and with mixtures with pure oxygen. 
The detonation-wave in such mixtures has been studied by Dixon 
(Phil. Trans., 1893, 184, 97). The speed of propagation of flame 
by detonation is of a different order from that during the initial, 
uniform movement of flame, which is supposed to be mainly effected 
by the conduction of heat from the burning to the adjacent unburnt 
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layer of gas mixture. The speed of the detonation-wave is, however, 
uniform. The two modes of propagation of flame, ''uniform move¬ 
ment'' and "det/onation-wave," may he compared with respect to 
mixtures of hydrogen and air. The speed of the detonation-wave 
in the mixture of air with hydrogen containing the correct pro¬ 
portions for complete combustion is 1930 metres per second in a 
tube 9 mm. in diameter (value extrapolated from those determined 
by Dixon, loc. cit.), whilst the speed of the uniform movement of 
flame in the same mixture (in a horizontal glass tube 2 5 cm. in 
diameter) is 4*8 metres per second (TTaward and Otagawa, T-, 
1916, 109, 83). 

Maximum-ftpred Mixf'iires ,—Tf we neglect losses of heat to the 
walls of the containing vessel, the speed of propagation of flame 
during the uniform movement can be regarded as depending 
mainly on two factors, namely, (1) the rate of conduction of heat 
from layer to layer of the mixture, which in turn depends on the 
difference in temperature of the burning and the unburnt gases 
and on their thermal conductivities, and (2) the rate of reaction 
of the combining gases, which for a given combustible gas will 
vary with the composition of the mixtures (presumably according 
to the usual laws of mass action) and with the temperature pro¬ 
duced by the reaction. A third factor might be added, namely, 
the ignition-temperature of the mixtures, but this is perhaps 
dependent on the other factors. 

The mixture of hydrogen and air for com])lete combustion, that 
is to say, the mixture having the greatest heat of combustion, 
contains 29'6 per cent, of hydrogen, but the mixture in which the 
speed of the uniform movement of flame is greatest contains about 
38 per cent., or nearly 10 per cent, in excess. This fact is usually 
explained by reference to the high thermal conductivity of 
hydrogen, which is 31*9 xlO'®, as compared with 5*22 x 10“® for 
air. A similar displacement of the maximum-speed mixtures is. 
however, observed with all inflammable gases when mixed with 
air, including (as was shown in Part III of this series of papers) 
gases, such as carbon monoxide, the thermal conductivities of 
which are less than that of air.* 

Consider the effect of mass action when methane burns in a 
given atmosphere of nitrogen and oxygen. Let this atmosphere 
c.ontain a per cent, of oxygen. According to the law of mass 
action, the rate of reaction will be proportional to 
T^et the mixture in which the rate has its maximum value contain 
^ per cent, of methane. 

^ The value for the thornual oonduotivity of carbon monoxide is 4*99 x 10” 
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Then 

Since a is consiant, the term into which it enters will be at a 
maximum when .T(100--.r)2 is at a maximum. That is to say, 
provided it remains constant, the composition of the atmosphere 
does not affect the methane content required to give the expression 
X . its maximum value. Tt can he shown that this ex ¬ 
pression reaches a maximum when j\ the percentage of methane, 
is 33-3. Similarly, with hydrogen and any atmosphere of oxygen 
and nitrogen of constant proportion, the factor representing the 
effect of mass action is at a maximum when the mixture contains 
66*7 per cent, of hydrogen. 

In every instance with a given atmos])here, wheji this remains 
unaltered, the maximum effect of the mass-action factor is theoreti¬ 
cally attainable with mixtures containing more combustible gas than 
is required for complete combustion (exce])t with an atmosphere ot 
pure oxygen, when the mixture for complete combustion is also, 
theoretically, that for the maximum effect of mass action). 

The rate of chemical reaction increases rapidly with rise of 
temperature. In a series of mixtures of a combustible gas with 
an atmosphere of constant composition, the highest calorific effect 
is produced by the mixture containing combustible gas and oxygen 
in combining jiroportions. This factor will therefore act in an 
opposite sense to mass action and will diminish the ‘'displace¬ 
ment'' of the maximum-speed mixture caused by the latter factor. 
For this reason the amount of displacement will be influenced by 
the cooling effect of excess of combustible gas, and the higher the 
specific heat of this excess gas at the temperature of reaction the less 
will be the displacement.* 

When oxygen burns in an ' atmosphere ' of constant composi¬ 
tion, composed of nitrogen and a combustible gas, the displacement 
of the maximum mixture should take place towards mixtures con¬ 
taining excess of oxygen. This can be tested experimentally. 
Just as the whole series of inflammable mixtures of methane and 
air can be obtained by starting with the mixture containing the 
reacting gases in combining proportions, and adding either 
methane or air to it, in the same way a series of mixtures of oxygen 
with an "atmosphere'’ of nitrogen and methane can be obtained, 
by adding excess of oxygen or excess of "atmosphere" to the 

* This consideration accounts for the wider "displacement” obtained 
with carbon monoxide than with hydrogen when mixed with air. 
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mixture of metliane and air in combining proportions, which may 
be termed the “ basic mixture.” This procedure has the advantage 
of enabling a direct comparison to be made between methane-air 
and oxygen-^ atmosphere ” mixtures, the two series having a 
common point. 

The results of two such series of determination of the speed of 
the uniform movement of flame in mixtures of oxygen with (i) an 
atmosphere of nitrogen and methane, and (ii) one of nitrogen and 
hydrogen, are given in table 1. The determinations were carried 
out in a horizontal glass tube To metres long and 2-7) cm. in 
diameter. 

Table I. 


S petti ttf I' n if ttent M oeett) ent of FInwe in Mirturea of O.ri/rfcn 
trifli Miefure.9 of Cornet ant Composition Atmospheres'""^ of 
Xitro(jen and n Ctjtnhustihle Gas. 


Methane as the combustible gas. 

Hydrogen as 

the combustible gas. 

Basic, mixture 

.* 9*5 per cent. CH.; 

Basic mixture, , 

,* 29-6 per 

-N 

cent. Ho; 

19 0 per cent. 0,; 

71*5 per 

14*8 ])er ceni 

[. (),; .55-6 

y)er cent. 

cent. Ng. 



X,. 



Methane. 

Oxj'gen. 

Speed. 

Hydrogen. 

Oxygen. 

Speed. 

Per cent. 

J*er cent. 

(Jrn. per sec. 

Pt>r cent. 

1 'er cent. 

Cm. per sec. 

6*67 

43*3 

350 

1606 

53-7 

171 

7*51 

46*2 

61*9 

21*76 

37*3 

488 

8*29 

39*5 

84*3 

25*72 

25*9 

660 

8*75 

25*6 

97*3 

29*60 

14*8 

410 

9*07 

22*9 

91*4 

30*50 

12*2 

234 

918 

22*0 

85*4 




9*50 

19-0 

00*7 




9*67 

17*8 

37*5 





It will be seen that the dis])lacement of the maximum-speed 
mixture in both series of experiments, as anticipated, is towards 
mixtures containing an excess of oxygen. In table II the dis¬ 
placements are compared with those found with the combustible 
gases burning in air. 

Table II. 

Displacement of Maximum-speed Mixtures. 

Methane. Hydrogen. 

Oa-Ni CH^-Na Oa-N, H^-Na 
constant, constant, constant, constcmt. 
Methane. Oxygen. Hydrogen. Oxygen. 
Per cent. Per cent. Per cent. Per cent. 

Mixture for maximum speed of 

uniform movement of flame 9*9 24*8 38-5 23-4 

Mixture in combining propor¬ 
tions. (Basic mixture). 9-6 19 0 29*0 14*8 

Displacement . 0*4 5*8 8-9 8*6 
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The addition of either combustible gas or oxygen to the basic 
mixture results in an increase in speed of the flame. According to 
the laws of mass action, it would be expected that the displacement 
would be greater on the addition of oxygen than on the addition of 
methane (since one molecule of methane combines with two mole¬ 
cules of oxygen for complete combustion); this is found to be so. 
The displacement should be less with oxygen than with hydrogen 
(sincse two molecules of hydrogen combine with one molecule of 
oxygen); experiment again shows this deduction to be correct. The 
fact that the specific heat of oxygen is lower than that of methane 
and much lower than that of hydrogen, however, would have the 
effect of decreasing proportionally the amount of displacement 
caused by excess of either of the two last-named gases. Thus the 
displacement caused by the addition of oxygen is found to be much 
greater than that caused by methane, but only a little less than 
that caused by hydrogen.* 

) 

The Uniform Movement of Flame in MipcUires of Methane, 
Oxygen^ and Nitrogen. 

The speeds of the uniform movement of flame in mixtures of 
methane with atmospheres containing 13'7, 21, 33, 50, 66, and 
100 per cent, of oxygen have been determined. The experiments 
were carried out in a horizontal glass tube, 2'5 cm. in diameter, 
as used for earlier experiments. A comparatively short tube, 
1*5 metres in length, was used in order to avoid the development 
of the detonation-wave. With the fastest speeds of flames, how¬ 
ever, the detonation-wave was developed after the flame had 
travelled less than a metre, so that fof some of the experiments it 
was necessary to replace the last metre of the glass tube by a piece 
of lead piping of the same length and internal diameter. 

Only the slowest speeds, up to about 300 cm. per second, were 
determined by means of the automatic commutator and single 
recording stylus usually employed for such work in this labora¬ 
tory; for faster speeds recourse was had to delicate Deprez 
indicators with separate styli for each screen-wire recording on a 
smoked paper chart fixed to a rapidly revolving drum. The fastest 
speeds in mixtures of methane with pure oxygen were determined 
photographically by the method described by Mason and Wheeler 
(T., 1919, 116, 578). A comparison between the two last-named 
methods of recording speeds of flames gave closely agreeing results. 

The results of the determinations are given in table III, and 

♦ These experiments explain why the displacement of the maximum-speed 
mixture was found to be so small with the mixtures of producer gas and air, 
as described in Fart III, 



Table III. 


OOMKLBX^OASEOtrS MIXTtTBBS. PABT IV. 


/SfasS® wop' 

fl.^o><c>C'^Q^<?JOOQoe'iao( 

loQ Cu 


:| 

' I 

OS 

E 


c<ic^cow>oO'^o»-^cor-coo 

I^i040cp»0i^0«0c0?pc^ift 

»bo>b.^cb«cbo»bcbt^di6i 


) . o 

j € CO IQ GO ^ 

. ®^cbo^t-(MOcc>»oo6i 

;iQ010iC0«0OG<»«0t-i0«^ ® 
« I-H X CO GO CO lO f-H 


<s e 


■^osiOi^^-txasiONcooco 

QOt^t^O'^O^COOOSiQX 

iQcbi^iQcib»Q®-^Ocbl^t^ 


i!li^ Js 

xn &i 2»Qe^iooeoco^t-'^i<r-^ 

a a ec 


* 

COOOOCO'^f—tt^XXCD 
XX'^C^COO'^iOt^Oa 

»b6iCi»Q6>’^cccocbd> 

(-<-^1—i(MC^lCOCOCO 


^5 


S.f «>eoeot^x©«Qo>x o 

I S »2 ^ 

I ® E E 


t^CO^O»00»0»-''^ 

»b»bco^>i^cb^»cic 

,.1 ,»i e^ o 




d 

o 

JD 





^ « •-! O P OJ 

W CO -^l>PO 

O P cbcbcbt^ 


63 


30 cm. 
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diagrftnaiziatically in I^ig. !» For tho valtios for ociilctiuM with air, 
reference should be made to the table in PatfeJI (T., 1919, 116, 
1448). The mixture marked with an asterisk in each column is 
that which contains methane and oxygen in combining proportions. 

Fig. 1 may be compared, so far as its general characteristics are 
concerned, with the similar diagram given by Mason and Wheeler 
(loc. cit., p. 1048) for mixtures of methane with atmospheres con¬ 
taining less oxygen than air. It should, however, be noted that 
these authors determined the speeds in a tube 5 cm. in diameter. 

The most striking results are those for mixtures of methane with 


Fig. 1. 



pure oxygen. It will be seen that the maximum speed of the 
uniform movement of flame is obtained, as was anticipated, with 
the mixture containing methane and oxygen in combining propor¬ 
tions (CHi-f 2 O 2 ). This result is in sharp distinction from what 
obtains when the detonation-wave is developed in mixtures of 
methane and oxygen, for the mixture in which the speed of the 
detonation*wave is greatest contains equal proportions of methane 
and oxygen. The difference is the more striking when it is remem¬ 
bered that the uniform movement gives place to Ae detonation- 
wave after quite a short distance of travel of the flame. 





[ To face p. 54. 
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In tabk . oompArison is made between the speed of the 
tiniform movement and that of the detonation-wave in the five 
mixtures used by Dixon (/or. cit., p. 181). 

Table IV. 

Comparison of the Speeds of the Detonation-ivave and the 
Uniform Movement in Mixtures of Methane and Oxygen, 

Composition 
of 

mixture. 

2CH4*4“80f 

* - 2CH4+6O, 

2CH4+4O4 
2CH44-3O* 

2CH4+2O, 

The addition of methane to the mixture for complete combus¬ 
tion (CH4 4- 2O2) is thus seen to increase the speed of the 
detonation-wave, but markedly to decrease the speed of the uniform 
movement of flame. 

This effect is well illustrated by photographs of the flames (1) in 
a mixture containing just sufficient oxygen for complete combus¬ 
tion of the methane, and (2) in a mixture containing rather more 
methane (40 per cent.). In the latter mixture (Fig. 2), the 
uniform movement persisted over about 25 cm. of travel of the 
flame, which then vibrated rapidly for a short time (0 06 sec.) 
without moving further along the tube. The vibrations were 
followed by a rapid acceleration of the flame^ resulting in the 
detonation-wave, which shattered the glass tube at about 25 cm. 
distance from the lead extension piece. The bright band at the 
bottom of the photograph is caused by the retonation-wave.'" * 

Although the speed of the uniform movement of flame is slower 
in a mixture containing 40 per cent, of methane than in one con¬ 
taining 33 per cent., the detonation-wave is developed sooner in 
the former. With the 33 per cent, mixture, the uniform move¬ 
ment extends across the whole width of the photograph (Fig. 3). 
The incidence of the detonation-wave a short distance further along 
the tube (within the lead extension piece) is indicated by the 
bright band due to the retonation-wave, at the bottom of the 
photograph, t 

* A oompre8sion*wave sent back, simultaneously with the development 
of the detonation-wave, through the burnt or still burning mixture (Dixon, 
PhU. Trans., 1802, m, 315). 

t The length of tube photographed was 80 om«, and the speeds of the fllm 
were 892 and 752 om. per second for Fig* 2 and £%* 8 reapeetively. 


Speed, metres per second. 

Detonation wave. Uniform movement. 
Tube 0*9 cm. diam. Tube 2-5 cm. diam. 


1963 

18 

2146 

33 

2322 

66 

2470 

26 

2528 

2 
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It must be admitted that the displacement of the maximiim- 
speed mixture away from that required for complete combustion is 
not very great in mixtures of methane and air. A better test 
of the soundness of the conclusion that with pure oxygen the 
maximum-speed mixture and the complete-combustion mixture 
should coincide should be obtained with a combustible gas like 
hydrogen. With this gas, it will be remembered, the maximum- 
speed mixture with air is displaced by as much as 10 per cent. 
Experiments were therefore made with mixtures of hydrogen and 
pure oxygen. 

Three mixtures were examined, and the speeds are recorded in 
table V, with the speeds of the detonation-wave in the same 
mixture for comparison. 


Table V. 

Comparison of the Speeds of the Detonationr^ave and the 

Uniform Movement in Mixtures of Hydrogen and Oxygen. 

Speed, metres per sec. 

Hydrogen. Detonation-wave, Uniform movement. 

Per cent. Tube 0*9 cm. diam. (Dixon). Tube 2-5 cm. diam. 

69*9 2660 6*74 

66-6 2824 6*62 

76*2 3140 6 16 

Fig. 4 and Fig. 5 are the photographs of the flames in the 
mixtures containing 75 ‘2 per cent, and 66*6 per cent, of hydrogen 
respectively.* It will be seen that the photographs are similar in 
general character to those obtained with the two corresponding 
mixtures of methane and oxygen. 

To revert to the experiments with methane, the addition of 
either methane or oxygen, like that of the inert gas, nitrogen, to 
the mixture of methane with pure oxygen of the composition 
CH 4 + 2 O 2 , results in a reduction of the speed of the uniform move¬ 
ment of flame. The relative effects of these three gases are shown 
in Fig. 6 . Methane, having the highest specific heat of the three, 
has the greatest retarding effect. Although oxygen and nitrogen 
have approximately the same specific heat, the retarding effect of 
the former is appreciably less, owing to the effect of mass action 
when the gas added is capable of taking part in the reaction. 

The applicatioji of the ''speed generalisation’’ was shown in 
earlier papers to be restricted by the fact that the only data avail- 

* The speeds of the films were 784 and 816 cm. per second for Fig. 4 and 
Fig. 5 respectively. 



COMPLEX GASEOUS MIXTURES. PART IV. 


57 


able for use in the calculations were those respecting mixtures of 
inflammable gases with air. Thus with methane-hydrogen-air 
mixtures no calculations could be made for mixtures in which the 
speed of flame was greater than 67 cm. per second, the maximum 
speed in mixtures of methane and air. The speeds now obtained 
in mixtures of methane with atmospheres containing more oxygen 
than air are often greater than the maximum speed with hydrogen- 
air mixtures, so that the use of these values should render it 


Fig. 6. 



possible to calculate the speeds of the uniform movement of flame 
in any methane-hydrogen-air mixture. 

For this purpose, however, it would be necessary to determine 
the speed of flame in mixtures of hydrogen with different atmo¬ 
spheres in the same way as has been done for methane, and for 
similar calculations to be made for mixtures of an industrial gas 
with air, similar determinations would be required for each 
individual gas present in the industrial gas. 

Such a series of determinations is outside the scope of the pre¬ 
sent work. It is, however, important to establish the fact that 
the '' speed generalisation'' is capable of extension in this manner. 
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To this end, a few determinations have been made for methane- 
hydrogen-air mixtures. 

To simplify the calculations, mixtures of methane and hydrogen 
with just sufficient air for complete combustion were chosen. A 
curve similar to the one in Fig. 6 for CH 4 + 202 + irN 2 was con¬ 
structed for hydrogen ( 2 H 2 -h Oo-j-^N 2 ). If mixtures are selected 
from these two curves in which the speed of flame is the same and 
is intermediate between the maximum speeds in methane-air and 
hydrogen-air mixtures, it is possible to mix them in such propor¬ 
tions that the resulting mixtures will contain nitrogen and oxygen 
in the ratio in which they are found in air. This mixture will 
have the same speed of uniform movement of flame, will contain 
combustible gas and oxygen in combining proportions, and will be, 
in a Sense, a methane-hydrogen-air mixture. In this way, it is 
possible to determine the speed of flame in all mixtures of methane 
and hydrogen with sufficient air for their complete combustion. 
The results of such calculations with three simple mixtures are 
recorded in table VI. 


Table VI. 

Speed of Uniform Movement of Flame, 
Cm. per sec. 


Calculated. 


Hydrogen-Methane 

mixture. 

Found. 

From curves. ] From formula. 

He+3CH, 

85 

90 

95 

H,+ CH, 

135 

140 

149 

CH. 

240 

260 

246 


The results recorded in the last column are obtained by use of 
a formula similar to the one used in Part II (T., 1919, 116, 1452) 
for calculating the maximum-speeds of flame in mixtures with air, 
mixture for complete combustion” being substituted for 
maximum-speedmixture. 

The experimental work described in this series of papers was 
carried out at the Home Office Experimental Station under the 
general direction of Dr. R. V. Wheeler. 

Esxmeals, 

Cumberland. \Reveiimdj November I2thf 1919.] 
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VII .—The Solubility of Sulphur Dioxide in 
Sulphuric Acid. 

By Fkank Douglas Miles and Joseph Fenton. 

the course of some work on the gas-purifying system of a plant 
for the manufacture of sulphuric acid by the “ contact ” proc,ess it 
was noticed that 95 per cent, sulphuric acid dissolved more sulphur 



dioxide than did acid of 85 per cent. The solubility in more dilute 
acid diminishes in the usual manner as the concentration increases, 
so that the observation pointed to some peculiarity in the solubility 
cuTve for higher concentrations of acid. A determination of the 
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curve was therefore undertaken in the region most technically impor¬ 
tant, namely, with acid from 60 to 100 per cent., at 20°. 

No sufficiently detailed measurements of this kind appear to have 
been made, although the coefficients of solubility have been given by 
Kolb for acid varying from 10 to 81 per cent. {Bull. Soc. Ind. Mill- 
houscy 1872, 222). The coefficients of solubility in acid of 
D 1*84, from 0° to 90°, have also been determined by Dunn {Chein. 
News, 1882, 46, 282). 

To obtain rapid saturation of sulphuric acid, especially when the 
acid is concentrated, and therefore viscous, is by no means easy. It 
was found most satisfactory to use small amounts—15—20 grams— 
in thin test-tubes placed in a thermostat. The acid was stirred 
vigorously by means of a mechanical stirrer, while a stream of 
sulphur dioxide was passed in so that the mixture was churned into 
a froth exposing a very large surface to the gas. Precautions were 
taken to prevent admission of air to the tube, and to maintain the 
temperature at 20°±0*1. 

Samples were obtained by rapidly drawing the saturated mixture, 
by means of slight suction, into small weighed glass bulbs, each 
holding about a gram and made by drawing out glass tubing, so 
that rather wide capillary ends remained. After sealing and weigh¬ 
ing quickly, these bulbs w'ere dropped, two for each analysis, into 
(1) A-sodium hydroxide in slight excess, (2) A"/10-iodine in slight 
excess, mixed with 100 c.c. of water. The bulbs were broken and the 
titrations carried out as usual. Experiment showed that the concen¬ 
trated sulphuric acid had no influence on the iodometric test. 

Analyses were made in each experiment until the results were 
nearly constant. Generally, the acid-content tended to rise slightly 
on account of the drying action of the gas. The results are given 
below. The temperature w^as 20°, and a correction was applied 
when the barometer diverged appreciably from 760 mm. 


Sulphuric acid. 

Sulphur dioxide 
dissolved by 100 
grams of acid. 

Per cent. 

Grams. 

56*1 

513 

69-6 

4*90 

61‘6 

4*82 

68-9 

4*16 

74-1 

3*63 

78-3 

3*23 

80-2 

3*12 

82*6 

2*90 

84-2 

2-88 

86*3 

2*83 

85*8 

2*80 

8«*6 

2*82 


Sulphuric acid. 

Sulphur dioxide 
dissolved by 100 
grams of acid. 

Per cent. 

Grams. 

88*1 

2*9 

90*8 

3*10 

92*8 

3*21 

93*7 

3*27 

94*0 

3*31 

94*6 

3*60 

96*6 

3*69 

96*6 

3*77 

96*6 

3*83 

98*0 

3*98 

98*6 

4*03 


These figures are shown graphically in the accompanying curve. 
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The solubility reaches a minimum value in sulphuric acid of 86*0 
per cent., and from that point the curve inclines very sharply 
upward for either increase or decrease in percentage of sulphuric 
acid. It is significant that acid of 84*5 per cent, has the composition 
of the hydrate, H 2 S 04 ,H 20 , and that in the neighbourhood of this 
point the temperature of melting, and other physical properties, pass 
through critical values. 

[Received^ December 18<A, 1919.] 


VIII.— Phloroacetophenone. 

By KiEMun Behari Sen and Praphi’lla Chandra Ghosh. 

Phloroacetophenone is an important compound for the synthesis 
of many natural dyes (Goschke and Tambor, Ber.^ 1912, 45, 1237). 
Billow and Wagner obtained it by first condensing phloroglucinol 
with benzoyl chloride and then degrading the resulting pyranol 
(Ber.y 1901, 34, 1798). Leuchs and Sperling {Btr., 1915, 48, 135) 
prepared it by the action of water at 170° on Jordan’s lactones (T., 
1897, 71, nil). In no case was the direct synthesis achieved. 

Resacetophenone, gallacetophenone, and similar compounds are 
easily and directly prepared from the corresponding phenols by 
heating them with acetic acid and zinc chloride. It was therefore 
thought that phloroglucinol on similar treatment might give phloro¬ 
acetophenone, and thus a direct synthesis might be effected. When, 
however, phloroglucinol is heated with acetic acid and zinc chloride 
there is produced a yellow, crystalline compound dissolving in potass- 
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ium hydroxide solution with a pink colour and fluorescence. Prom 
the analysis and the determination of the molecular weight by the 
ebullioscopic method in alcohol it is concluded that phloroaceto- 
phenone is first formed, but that two molecules at once combine, 
giving a pyran,derivative resembling Nencki’s resacetein (p. 61). 

On boiling the pyran derivative (1) with 10 per cent, sodium 
hydroxide solution the heterocyclic ring is broken and phloroaceto- 
phenone (II) is obtained. 

The melting point of phloroacetophenone was found to be 
284—285®; according to Billow and Wagner, it does not melt up to 
280®, and Leuchs and Sperling give 218®. The substance obtained 
by the latter authors contained one molecule of water of crystallisa¬ 
tion, which may account for the difference in melting point. 


Experimental. 

5 : 1-Dihydroxy-2~o-Q-^-trihydroxyphenyl-^-methyItne-\ : i-benzo- 

pyran (I). 

Two grams of phloroglucinol were dissolved in 2 c.c. of glacial 
acetic acid, 3 grams of zinc chloride added, and the whole was gently 
boiled for ten to fifteen minutes. The yellow liquid was dissolved in 
hot hydrochloric acid and the clear solution, on cooling, deposited 
yellow needles (0*9 gram). The substance is soluble in alcohol, and 
dissolves in potassium hydroxide solution, giving a pink, fluorescent 
solution. It does not melt up to 290®: 

0-1256 gave 0-2751 CO 2 and 0*0502 HoO. C = 59*7; H = 4-45.* 

0-5713, in 18 c.c. alcohol, gave E = 018®. M.W. = 275. 

CigH 22 O 0 ,H 2 O requires C = 60’3; H = 4'4 per cent. M.W.=300. 

. Acetyl Derivative. —One gram of the above compound, 10 c.c. of 
acetic anhydride, and a few drops of pyridine were boiled gently 
for an hour. The semi-solid mass obtained on pouring into water 
was dissolved in acetic acid and precipitated with water, being 
finally crystallised from dilute acetic acid. The compound melts at 
80® and begins to decompose at about 90®: 

0*1202 gave 0*2680 COg and 0*0560 HgO. C = 60-8; H = 5*l. 

CgfiHopOjj requires C = 61*16; H = 4*31 per cent. 


. Phloroacetophenone (II). 

Three grams of the pyran were dissolved in 76 c.c, of 10 per cent, 
sodium hydroxide solution, the solution boiled for ten to twelve 
minutes, and, after cooling, acidified with dilute hydrochloric acid. 
The precipitate was collected, dried, and finally crystallised from a 
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mixture of alcohol and dilute hydrochloric acid. The product (0*8 
gram) was almost colourless, and dissolved in potassium hydroxide 
solution with only a pale yellow colour. It melted at 284—285°. 
(Found, C = 56*44; H = 5*2. requires C = 57T; H = 4'8 per 

cent.) 

Fhenylhydrazone. —This was prepared in the ordinary way by 
dissolving the phloroacetophenone in a mixture of alcohol and acetic 
acid, adding a little more than the theoretical quantity of phenyl- 
hydrazine hydrochloride and sodium acetate, and warming for a few 
minutes. To the clear solution water was added, and the precipi¬ 
tate was collected, dried, and finally crystallised from dilute alcohol. 
It decomposes at 237—240°: 

0*1150 gave 11*65 ac. No at 32° and 761 mm. N=rll*3. 

requires N~10*8 per cent. 

Cecicmtoal Laboratories, 

Dacca and Presidency College, 

Bengal, India. July Zlsty 1919.] 


iX. -The Peroxides of Bismuth. 

By Richahd Robert Le Geyt Worsley and Philip Wilfred 

Robertson. 

The most coinjirehensive and recent work on the peroxides of 
bismuth is by Gutbier and Biinz (Zeitsch. anory. Olicm.y 1906, 48 , 
163, 295; 49 , 433; 60 , 211 ), These observers, from their experi¬ 
ments on the oxidation of bismuth hydroxide in the presence of 
alkali hydroxide, drew the conclusion that chemical compounds 
could not be isolated from the mixtures thus obtained, even after 
subsequent treatment with nitric acid. It seemed, however, prob¬ 
able that continuoiLs grinding with dilute nitric or glacial acetic 
acid might bring about a separation of the lower oxide of bismuth 
from the peroxide. Accordingly, preliminary experiments were 
carried out in which (a) bismuth hydroxide precipitated in the 
oxidising medium, and (/>) ordinary bismuth trioxide, were treated 
with ammonium persulphate in boiling dilute sodium hydroxide 
solution. The first product was comparatively rich in bismuth 
peroxide, but its composition altered only little after grinding with 
glacial acetic acid; the product in the second case contained less 
peroxide, but, after several grindings, its composition approximated 
to that of bismuth tetroxide. Experiments were therefore made 
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in this manner with different oxidising agents in the presence of 
sodium or potassium hydroxide of different concentrations. In 
dilute solutions, bismuth tetroxide was the only product; in more 
concentrated solutions, higher oxides were also formed. These 
products were analysed in the following manner: the peroxidic 
oxygen was estimated (a) by distillation with hydrochloric acid 
(Bunsen’s method), (b) when the substance was soluble, by dis¬ 
solving in hot nitric acid (D 1 * 2 ) and measuring the liberated 
oxygen; the peroxidic oxygen plus water was determined by heat¬ 
ing to redness. The compounds for which analytical results are 
given below were free from sodium or potassium. 

Attion of Chlorine on Bismuth Trioxide suspended in Boiling 
Alkali Hydroxide, 

The duration of each experiment was about half an hour. The 
product of the reaction in dilute solution (5—10 per cent.) was 
either Bi 204 (brown) or Bi 204 ,H 20 (brown). The exact conditions 
determining the formation of the anhydrous oxide or the hydrate 
could not be ascertained. In concentrated alkali hydroxide 
(35—40 per cent.) there was formed a mixture of BioOgjH^O (red) 
and Bi 204 , 2 H 20 (yellow), from which the lower oxide could be 
fractionally separated by the aotion of hot nitric acid (D 1*4). 
The following values were obtained in one typical experiment for 
a mixture: (A) after two grindings with glacial acetic acid; 
(B) after three grindings with glacial acetic acid; (C) after one 
extraction with hot nitric add; (Z>) after two extractions with hot 


nitric acid: 

A. B. C. D. 

Peroxidic-O . 6-20 5*06 3*94 3*47 

Peroxidic-O-fHjO . 10*06 10*02 9*97 10*00 


Bi 204 , 2 H |0 requires 0 = 3*10 ; 0-fH|0= 10*08 per cent. 

BijOjjHgO requires 0=6*22 ; 0-f-Hj0 = 9*73 per cent. 

According to Deichler (Zeitsch, anorg. Chem,, 1899, 20, 111), 
the product of the reaction should be a mixture of Bi 204 and 
Bi 205 ,H 20 , and the Bi 204 , 2 H 20 is produced by the action of nitric 
add on the latter. The colour of the substance A (orange-red), 
the analytical results, and its behaviour with nitric acid all indicate 
that it was a mixture orBi 204 , 2 H 20 (yellow) and Bi 205 ,H 20 (red). 

Action of Ammonium Persulphate or Potassium Ferricyanide on 
Bismuth Trioxide suspended in Boiling Alkali Hyd/roxide, 

The product of the reaction in dilute solution was either Bi 204 
(brown or purplish-black) or Bi 204 ,H 20 (brown or purplish-black). 
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The experimental conditions determining the formation of these 
four varieties could not be ascertained. In concentrated alkali 
there was formed, in addition to BLO 4 or Bi 204 ,H 20 , a small 
amount of Bi 20 g (yellow), which could be fractionally separated 
from the lower oxide by the action of hot nitric acid (D 1 - 2 ). 


Bismuth Tetro.ride^ Bi 204 (Bi 02 ). 

This was prepared by the action of chlorine, ammonium per¬ 
sulphate, or potassium ferricyanide on bismuth trioxide suspended 
in a dilute solution of boiling alkali hydroxide, and the following 
modifications have been obtained; I, Bi 204 (brown); II, Bio 04 
(purplish-black); III, (brown); IV, Bi 204 ,H 20 

(purplish-black). 

The following are typical analyses for preparations which had 
been ground with glacial acetic acid in an agate mortar until they 
were completely free from bismuth trioxide and occluded alkali 


hydroxide: 

I. II. BijO,. 

Peroxidic-0 . 3-31 3-26 ; 3-20* ; 3-39 3-33 per cent. 

Lobs on heating. 3-27 3-24 3-61 3-33 ,, 

III. IV. Bia04,H,0. 

Peroxidic-0 . 3-25; 3 07 3 13; 3*21 3-21 per cent. 

Peroxidir-O f H^O. 0 88 ; (>*20 0-22 ; 6-92 6*83 „ 


Determined gasometrically. 

The brown and purplish-black anhydrous bismuth tetroxides 
appear to be physical isomerides, and are both stable at 100 *^. The 
modifications with one molecule of water lose the water in a vacuum 
(1 mm.) over phosphoric oxide, slightly darkening in colour. At 
100 ^ in the steam-oven, they lose half this amount: 

III. TV. 

Loss at 100° . 1-70, 1*74 1-89 

BigOi,!!^^) requires per cent. 

At 160° all varieties decompose, with the liberation of oxygen. 

Bismuth tetroxide is soluble in nitric acid (D 1‘‘2) at 70—90°, 
yielding its peroxidic oxygen in the gaseous form (with small 
quantities of ozone). It is peculiarly reactive, immediately 
oxidising manganous salts in the presence of dilute nitric acid, even 
in the cold. Bismuth tetroxide is very sparingly soluble in con¬ 
centrated alkali hydroxide, with the formation of an unstable 
per-salt. 

Another distinct variety, Bi 204 , 2 H 20 (yellow), is formed, 
together with Bi 205 ,H 20 , by the action of chlorine on bismuth 
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trioxide in boiling concentrated alkali hydroxide. It may be 
fractionally separated from the higher oxide by treatment with 
boiling nitric acid (D 14), in which it is only sparingly soluble. 
The following analyses were obtained for two preparations: 



I. 

II. 

Bi, 04 . 2 Ha 0 . 

Peroxidio-O . 

3-47 

3-38 

3-10 per cent. 

Peroxidio-0 + H^O. 

. 10-00 

9-95 

10-08 „ 


At 100® it decomposes, darkening in colour, with the loss of both 
oxygen and water. 


Bismuth PentoxidCy Bi 205 . 

The monohydrate, Bi 205 ,H 20 (red or brown), soluble with diffi¬ 
culty in hot concentrated nitric acid, is obtained (a) mixed with 
Bi 204 , 2 H 20 by the action of chlorine on bismuth trioxide in boil¬ 
ing concentrated alkali hydroxide, {h) in small quantities mixed 
with Bi 204 ,H 20 by the action of ammonium persulphate on 
bismuth trioxide in dilute alkali hydroxide at 40—60®, when the 
action is allowed to continue for five to six hours. The bismuth 
pentoxide produced by the first method could not be separated 
from the admixed Bi 204 , 2 H 20 ; obtained according to the second 
reaction, it could be completely separated from the Bi 204 ,H 20 by 
extraction with hot nitric acid (D T2). Three different samples 
gave the following values on analysis: 


1. 11. III. Bi805,H*0. 

Peroxidic-0 . 6*97 6*05 6-26 6*22 per cent. 

Peroxidic-O+HjO... 9-80 — lO-lO 9^73 „ 


A second variety, Bi 205 ,H 20 (brown), readily soluble in hot 
nitric acid (D T2), is obtained from commercial sodium bismuthate 
after repeated grinding with glacial acetic add. The following 
analyses were obtained for three different preparations: 

I, II. III. 

Peroxidic-O . 6-20* 6-19* 6*14 6-22 per cent. 

Peroxidic-O+HjO... 1000 9-91 9-96 9-73 „ 

♦ Determined gasometrically. 

Anhydrous bismuth pentoxide would appear to be incapable of 
existence. The hydrate, when left in a vacuum (1 mm.) over 
phosphoric oxide, darkens in colour and slowly loses water and 
oxygen. At 100® the decomposition is more rapid; in one experi¬ 
ment the percentage of peroxidio oxygen fell from 6*2 to T9 in 
twenty days, and subsequently remained constant, indicating that 
bismuth trioxide and bismuth tetroxide had been formed in 
approximately equal amounts. 
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Bumuth HexoxidCy Bi 20 fl(Bi 03 ). 

Bismuth hexoxide is obtained in small quantities by the action 
of ammonium persulphate or potassium ferricyanide on bismuth 
trioxide suspended in boiling concentrated alkali hydroxide, 
together with bismuth tetroxide (Bi 204 or Bi 204 ,H 20 ), from which 
it can be separated by continuous extraction with warm nitric 
acid (D 1*2). It may also be prepared by the oxidation of the 
tetroxide and subsequent treatment of the product with nitric 
acid. Bismuth hexoxide is pale brown and contains no water. At 
the ordinary temperature it loses oxygen slowly, darkening in 
colour. This would explain the slightly low results obtained on 
analysis: 

I. II. BijOe. 

Peroxidio-0. 8*96 9*13 9*37 per cent. 

Loss on heating 9 00 9-11 9*37 ,, 

Imperial College of Sctenob and Technology, 

South Kensington. \Received, November Qthf 1919.] 


X.— The Action of Mercuric Cyanide on Metallic 

Salts, 

By Lilananda Gupta. 

The action of mercuric cyanide on different metallic salts has been 
the subject of investigation by previous workers, for example, 
Poggiale (Compt. rend., 1846, 23, 762), Varet {Bull. Soc. chim., 
1891, [iii], 6, 8), Bloxam (Ber., 1883, 16, 2669), etc. In this 
paper, the action of mercuric cyanide on the chlorides of copper, 
cobalt, nickel, manganese, cadmium, chromium, vanadium, and 
aluminium, the nitrates of silver and lead, and ammonium 
molybdate has been studied. The method of procedure was, how¬ 
ever, somewhat different from that adopted by Poggiale and others. 
A concentrated solution of mercuric cyanide was added to an excess 
of the salt solutions, and the mixture evaporated slowly on the 
water-bath. The precipitate which was obtained in each case was 
collected and washed, as a rule, with the minimum quantity of 
c*old water, and next with alcohol. In the case of the aluminium 
compound, the concentrated solution was evaporated in a vacuum, 
and the crystals obtained were washed with alcohol alone. 

It is to be noted that the general method of preparing a double 
cyanide of two metals is to bring together their respective cyanides 
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or to treat an alkali cyanide with some other double cyanide of the 
metals in question. The action of mercuric cyanide on the chlorides 
of copper and cobalt and silver nitrate producing, respectively, 
the compounds CuCN,2Hg(CN)2,4H,0, Co(CN)3,Hg(CN)2,5H20, 
and AgCN,Hg(CN)2,4H.>0, described in this paper, are thus excep¬ 
tions to this general rule. On the other hand, Poggiale and Bloxam 
mention the compounds 2CoClo,Hg(CN)o,4HoO and 
7AgCN,2HgO,Hg(CN); 

as the products of reaction. Hofmann and Wagner {Ber.^ 1908, 
41 , 319), however, obtained the salt AgN03,Hg(C^N)2,2H20 in the 
last case. 

Other compounds described in this paper are 4AlCl3,HgCl2,28H20 
and MnCl2,Hg(CN)o,2H20. Cryoscopic determinations of the 
molecular weights in aqueous solutions of these salts have been 
carried out; also measurements of the conductivity of the latter 
salt were made at different dilutions. 

Expert mental. 

Compound CuCN,2Hg(CN)2,4HoO. 

About 24 grams of cupric chloride were dissolved in 100 c.c. of 
water, and a solution of mercuric cyanide containing 10 grams of 
the salt was added, the final volume of the mixture being 300 c.c. 
This was evaporated slowly on the water-bath almost to one-third 
its original bulk, and was set aside. Next morning, a very fine 
precipitate had formed, which was collected, washed first with cold 
water, and finally with alcohol, and dried on a porous plate at 25°. 

The product had a pale violet colour, shining like fine sand when 
held in the sunlight, and under the microscope was seen to consist 
of cubes. It is not appreciably soluble in water, but decomposes 
and passes into solution when treated with sulphuric acid: 

I. 0-2011 gave 0*0258 CuO. Cu = 10*25. 

0*2786 „ 0*1680 Hg. Hg = 60*32. 

0*2161 „ 18*6 C.C. N. at 24° and 760 mm. CN = 18*21. 

II. 0*2125 „ 0*0262 CuO. Cu = 9*97. 

III. 0*2618 „ 0*0318 CuO. Cu = 9*70. 

0*3242 „ 0*1960 Hg. Hg = 60*46. 

0*2838 „ 26*2 c.c. No at 32° and 760 mm. CN = 18*39. 

CuCN,2Hg(CN)2,4H20 requires Cu = 9*47; Hg = 60*15; CN = 19*54 

per cent. 

Compound Co(CN)3,Hg(CN)2,5H20. 

This was prepared by the action of mercuric cyanide on cobalt 
chloride. The proportions of the salts were as 1:3, and the method 
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of procedure was exactly the same as mentioned above. A visible 
reaction took place within ten minutes from the start; the colour 
of the solution deepened, and slow precipitation commenced. The 
washings and drying were performed as before. 

The compound is sparingly soluble in water, but decomposes and 
])a88es into solution by the action of sulphuric acid, as is the case 
with all sparingly soluble cyanides: 

0-3118 gave 0 043 Co. Co = 12*79. 

0-2440 „ 0-0977 Hg. Hg-40-04. 

0-1876 „ 25-46 c.c. No at 26^ and 760 mm. CN-27'78. 

Co(CN)3,Hg(CN)o,5HoO requires Co = 12-31; Hg = 41*40; CN = 2713 

per cent. 

Nickel Cyanide, Ni(CN).2,31L^O. 

About 20 grams of nickel chloride, NiCl2,6H20, were dissolved in 
100 c.c. of water, and to the cold solution was added a filtered 
solution of mercuric cyanide (8:100). The details of the procedure 
were exactly the same as in the foregoing cases. 

Williams (‘* Cyanogen Compounds.p. 65) describes the com¬ 
pound, Ni(CN)o,7H20, which he obtained by treating an alkali 
cyanide with excess of a nickel salt. The compound obtained by 
the above method is not at all gelatinous, it has a fine, granular 
structure, and is insoluble in water or dilute acids, but is decom¬ 
posed by concentrated sulphuric acid. Two preparations gave the 
same product in each case: 

I. 0-3852 gave 0*1751 NiO. Ni = 35-71. 

0*2348 ,, 35*4 c.c. N.> at 0° and 760 mm. CN — 31*61. 

II. 0-2605 gave 0*1186 NiO. Ni-35-78. 

0*4348 0*1408 H,0. HoO = 32*38.* 

Ni(CN).>,3II,,0 requires Ni“35-75“, CN = 31-51; H20-32*74 per 

cent. 

The estimation of water in this compound and in subsequent 
determinations was carried out in the following manner. 

In a combustion furnace was placed a hard-glass combustion tube 
containing a known amount of the substance to be dehydrated in 
a weighed porcelain boat. One end of this tube was joined 
successively to a sulphuric acid wash-bottle, a calcium chloride 
U*tube, a soda-lime tower, a second sulphuric acid wash-bottle, and 
finally to an air-supply. To the other end, a U-tube containing 
pumice stone soaked in sulphuric acid was attached. A guard tube 
containing calcium chloride was also joined to this U-tube. A 
thermometer was inserted through an opening at the top of the 

* The dehydration was completed at 179®. 
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furnace just above the glass tube. Air-tight joints were secured, 
and blank experiments were previously conducted. The boat con¬ 
taining the salt was placed at the end furthest from the U-tube 
containing pumice stone. The heating was gradual, and began 
from the opposite end. A regular stream of dry air was passed 
through the combustion tube, and the water set free from the sub¬ 
stance was condensed and collected in the weighed U-tube contain¬ 
ing pumice stone soaked in sulphuric acid. It was finally weighed 
again, and the difference between the two weights gave the amount 
of water in the compound. 


Compound AgCN,Hg(CN)2,4H20. 

To 100 c.c. of a solution of silver nitrate containing 12 grams 
of the salt was added a filtered solution of 6 grams of mercuric 
cyanide in 100 c.c. of water. This mixture was allowed to 
evaporate to half its original bulk. A slight turbidity was noticed 
almost from the beginning. From the ice-cold concentrated solu¬ 
tion, milk-white needles were deposited within ten minutes. These 
were collected and washed, first with a little water, then with 
alcohol, and dried on a porous plate at 25^^. 

The compound decomposes slightly in the presence of water and 
dissolves in dilute sulphuric acid: 

I, 0-8172 gave 0*2403 AgCl and 0*4166 HgS. Ag = 22-12; 

Hg = 43-94. 

0-2735 gave 22*2 c.c. No at 30° and 760 mm. CN = 17*64. 

II. 0-5797 gave 0*1751 AgCl and 0*2998 HgS. Ag-22*73; 

Hg = 44-69. 

0-7988 gave 0*1196 H2O.* 1120 = 14*97. 

AgCN,Hg(CN)2,4H20 requires Ag = 23*5; Hg = 43*66; CN = 17*07; 

H20 = 15*77 per cent. 


Action of Mercuric Cyanide on Chromium Trichloride and 
Vanadium Trichloride, 

The action of mercuric cyanide on the above-mentioned salt solu¬ 
tions was tried in a similar manner, but the attempt to bring about 
a combination failed, and the product obtained in each case con¬ 
sisted of an oxide of the respective metal. The cyanides were Ho 
doubt formed at first, but these, being unstable, decomposed into 

♦ The salt began to give off water from 86® onwards and the dehydration 
was oompleted at 180®. 
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the oxide and free hydrocyanic acid, the odour of the latter being 
distinctly perceptible. Thus: 

A . 2CrClo + 3Hg(CN)o + 6H20 = 3HgCl2 + 2Cr(CN)3 f 6H2O. 

2Cr(CN)3+ 6H20 = 2Cr(0H)3+ 6HCN. 

Ji. 2 VCI 3 4 - 3Hg(CN)2 + 31120 + 02 = 3HgCl2 + VgO^ + 6HCN. 

Action of Mercuric Cyanide on Ammonium Molybdate and Lead 

Nitrate, 

These reactions also failed to yield the expected cyanides; with 
ammonium molybdate was obtained metallic mercury in the shape 
of fine globules, and the oxide, M02O5, as a violet-black powder, 
whilst in the latter case lead oxide was produced. 


Compound, MnCl2JIg(CN)2,2H20. 

About 25 grams of manganese chloride were dissolved in 150 c.c. 
of water, and a solution of mercuric cyanide (10:100) was added. 
The mixture was evaporated on the water-bath for one and a-half 
hours, and the bulk reduced to 100 c.c. This concentrated solution 
was well stirred and allowed to cool overnight. Next morning, a 
crystalline mass of pinkish-white scales had formed, which was 
powdered, washed with the mother liquor, and finally with alcohol. 
The compound was dried on a porous plate for two days at 24—25°. 
This salt was found to be dihydrated, whereas Poggiale described 
it as being trihydrated. It is very readily soluble in water, and 
under the microscope appears to consist of prismatic crystals: 

I. ()*1G17 gave 0-056 MuoPoO; and 0 0918 HgS. Mnnr-13'41; 

Hg = 48-97. 

0-1617 gave 01197 AgCl. Cl = 18-32. 

0*3274 „ 18-8 c.c. N2 at 24° and 760 mm. CN== 12*14. 

TI. 0-2084 gave 0*0724 MnoPoOy and 0-1180 HgS. Mn-13-44; 

Hg = 48-81. 

0-2084 gave 0-1485 AgCl. Cl = 17*63. 

0*8353 „ 0-0780 H2O. H20 = 9-34.* 

MnCL,Hg(CN).„2H20 requires Mn = 13*28; Hg = 48-30; 01 = 1715; 

^ CN = 12-56; H20 = 8-71 per cent. 

The conductivity of the salt at different dilutions was determined. 

♦ The salt began to give off water from 90° onw^ards. The dehydration 
was completed at 170°. 
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Dilution. 

T=23°. 

Molecular 

conduc¬ 

tivity. 

fip for zinc 

F. 


chloride. 

50 

204 

207 

100 

212 

216 

500 

237 

231 

1000 

245 

235 


The molecular conductivity of zinc chloride at 23° for different 
dilutions is quoted from Kohlrausch’s table, and proves to be almost 
identical with that of the salt. Assuming the molecular con¬ 
ductivity of zinc chloride and manganese chloride to be the same, 
as has been shown to be true by Kohlrausch, then the above com¬ 
pound evidently undergoes dissociation in solution into the ions 
Mn*' and Cl' and the undissociated molecule Hg(CN)2. This is 
confirmed by the fact that when treated with silver nitrate, silver 
chloride, but no silver cyanide, is formed. The determination of 
the molecular weight of the compound by the cryoscopic method 
supports the above view. 

Solvent, 19*86 grams of water. 

Solute. At M.W. 


1 . 0-4593 -0-40° 107-3 

2 . 0-9031 -0-75 112-0 


M.W. calculated for no dissociation — 414. 

M.W. calculated for dissociation to Mn”, Clg'^ and Hg(CN )2 — 103-5. 


Com'pound 4AlCl3,HgCl2,28H20. 

About 25 grams of hydrated aluminium chloride were dissolved 
in 100 c.c. of water, and a cold solution of 10 grams of mercuric 
cyanide in 100 c.c. of water was added. The mixture was evapor¬ 
ated to about 50 c.c., and as no deposit was obtained on allowing 
the solution to remain overnight, it was placed in a vacuum 
desiccator over sulphuric add. After a day, a crystalline crust 
was found to have been formed on the surface of the solution. 
This was broken, and the crystallisation in a vacuum allowed to 
proceed for a further couple of days. During this interval, the 
crust on the surface was broken from time to time, and through¬ 
out the whole process of evaporation a strong odour of hydrocyanic 
acid was noticed. The crystals were collected, washed first with 
the mother liquor, and then repeatedly with alcohol. The com¬ 
pound was finally dried in a vacuum for two days: 
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I. 0-4973 gave 0*0877 HgS and 0*0804 AlgOg. Hg = 15*19; 
Al=9-51. 

0*4348 gave 0*6548 AgCl. 01 = 36*43. 

II. 0*4407 gave 0*0777 HgS and 0*0790 AI2O3. Hg = 15*20; 
Al = 8*57. 

0*5995 gave 0*8831 AgCl. 01 = 37*25. 

4AlCl8,HgCl2,28H20 requires Hg = 15*27; Al = 8*25; 01 = 37*96; 
H20 = 38*52 per cent. 


Cryo^coyic Determination of the Molecular Weight, 

Solvent, 15*7251 grama of water. 

Solute. At. M.W. 


1 . 0*0963 -0087° 130*84 

2 . 0*3077 -0*277 130*94 

3 . 0*6056 -0*616 137*10 


The value found in this way approximates to one-tenth of the 
molecular weight, namely, 1309. In aqueous solution, the double 
salt is decomposed, as the solution is found to be distinctly acid. 
Since the compound 4AlCl3,HgCl2,28H20 is completely hydrolysed 
to hydrochloric acid, aluminium hydroxide, and mercuric chloride, 
the observed molecular weight ought to be one-twelfth of 1309, as 
the lowering of the freezing point, due to the aluminium hydroxide 
and mercuric chloride, is quite negligible. This anomaly is difficult 
to explain, and the molecular weight determination does not, there¬ 
fore, furnish much evidence as to the true molecular weight of the 
double salt in solution. 

I avail myself of this opportunity to express my sincere thanks 
to Sir Prafulla Chandra Ray for his helpful interest and encourage¬ 
ment in this work. 

COLLEQB OF SCIENOS, 

92, Ufpsb CiBOOZiAB Road 

CadouttaI [Received, June 6^, 1019.] 
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XI .—Acyl Substituted isoThiohydantoins. 

By Augustus Edward Dixon and Raymond Thomas Joachim 

Kennedy. 


Concerning the acyl substituted t^othiohydantoins, practically the 
whole of our knowledge, embodied in two papers, one by Wheeler 
and Johnson (Amer, Chem. J., 1902, 28, 121) and the other by 
Johnson, Wallbridge, McFarland, and Cramer (/. Amtr, Chem, 
Soc,, 1903, 25, 483), may be summarised as follows. /'soThiohydan- 
toins containing an aryl group, R, in the ring, by treatment with 
thiolacetic acid or with acetic anhydride, yield acetyl derivatives of 


RR’CO 

the form MeCO*N!C<^^_, the phenylic member of this class 

being producible also from either phenyl^^^>thiohydantoic acid or 
thiocyanoacetanilide by means of acetic anhydride. Further, ordin¬ 
ary iS-naphthyh'sothiohydantoin gives with acetic anhydride a deriv¬ 
ative, , the corresponding o- or ^^tolyl- 

wothiohydantoin, under like treatment, affording a diacetyl deriv¬ 
ative. 

No purely acidic substitution derivative of i^fothiohydantoin seems 
yet to have been described. It was found, too, by Dixon and Taylor 
(T., 1912, 101, 558) that a6-acetylphenylthiocarbamide, when 
heated with chloroacetyl chloride, yields ordinary phenyl^fiothio- 
hydantoin, the acyl substituent of the thiocarbamide being expelled 
in the form of acetyl chloride. Similar results were observed with 
tri-substituted thiocarbamides containing the acetyl, the benzoyl, or 
the carbethoxy-radicle, together in each case with two hydrocarbon 
residues. 

Such tri-substitution derivatives are not particularly stable. More 
recent investigation has shown that less highly substituted thiocarb¬ 
amides containing the group •CO*OR (where R = alkyl or aryl), by 
means of chloroacetyl chloride are transformable into isothiohydan- 
toins without the loss of that group. Thus, for example, carb- 
ethoxywothiohydantoin may be obtained from carbethoxythiocarb¬ 
amide, or a phenylcarbethoxy-analogue from a6-phenylcarbethoxy- 
thiocarbamide. 

Consistently with the observations of Dixon and Taylor {loc, cit.) 
it has been found that ethyl chloroaoetate, in alcoholic solution, fails 
to attack the mono-substituted carboalkyloxythiocarbamides; if, 
however, calcium carbonate is added to the mixture, interaction 
takes place, with the formation of the corresponding mono-substi- 
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tuted ^^othiohydantoins. With. di-substitut©d thiocarbamides, 
RO‘CO*NH*CS*NHPh, or with mono-substituted carboaryloxythio- 
carbamides, however, ethyl chloroacetate does not react, either 
directly or in the presence of calcium carbonate. 

So far as their method of production is concerned, the carboalkyl- 
oxyisothiohydantoins referred to above might have either (or both) 
of the configurations represented by the formulae: 

RO-CO-N:C<^^‘''5n and 

ft “Olij ^ iJxjL2 

(I.) (11.) 

When hydrolysed by means of hot dilute hydrochloric acid, they 
yield carbon dioxide, ammonium chloride, and ' phenyldioxy- 
thiazole.’ Now, Dixon has shown (T., 1897, 71, 623) that in the 
transformation by which a substituted ^^othiohydantoin furnishes a 
substituted ‘ dioxythiazole,' the nitrogen member of the parent ring 
is exchanged for an oxygen atom, thus: 

^NH-CO „ n _^0*C0 




rn:c<(_ 


whence it follows that the foregoing carboalkyloxy/^othiohydantoins 
have the constitution represented by formula II. 

Judgment in the case of mono-substitution derivatives is a less 
simple matter. Analogy would suggest the formula 

which also is consistent with the fact that, on hydrolysis by acid, 
they rapidly yield carbon dioxide, ammonia, and dioxythiazole. 
Moreover, that the latter does not result through the hydrolysis of 
wothiohydantoin, possibly formed from a compound. 


Ko-co-»;c<^f:g;; 


is clear; because, whilst the actual hydrolysis is speedily accom¬ 
plished, that of wothiohydantoin, in like circumstances, is very 
slow, yet the presence of this compound could not be detected in 
the mixture. Nevertheless, it is conceivable that a substituted 

dioxythiazole, COgR’NICc^^ might be formed and then hydro- 

lysed, with elimination of the group ’COgR. Substances of the class 
last formulated are unknown. 

Through the action of chloroacetyl chloride on a-acetyl-6-carb- 
ethoxythiocarbamide it should be possible to synthesise a compound 

NH*CO 

having the structure C02Et*NIC<^g_should 

M 2 
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prove isomeric with that from carbethoxythiocarbamide itself, deci¬ 
sion would be easy. In practice, however, such a check could not be 
applied, all attempts to produce a thiocarbamide of the required 
configuration being unsuccessful. 


Experimental. 

Ph enylcar het hoxyiso t h iohydant oin. 

When a&-phenylcarbethoxythiocarbamide was heated on the 
steam-bath with slightly more than one molecular proportion of 
chloroacetyl chloride, liquefaction occurred with disengagement of 
hydrogen chloride and rapid deposition of a brown solid, the action 
being complete within a few minutes. 

By recrystallisation from hot glacial acetic acid, which dissolves 
it freely, the product was obtained in white needles, sparingly 
soluble in boiling alcohol, benzene, acetone, or cold acetic acid, and 
commencing to decompose at about 220°, but melting only towards 
250°. The substance is very slowly desulphurised by boiling with 
the alkaline solution of a lead salt, but readily yields silver sulphide 
when heated with ammoniacal silver nitrate. That it con trains the 
group •S’CHg’CO* was shown by boiling the substance with alco¬ 
holic potassium hydroxide, acidifying the liquor, and mixing with 
ferric chloride, followed by ammonia, the resultant purple colora¬ 
tion indicating (Andreascli, Ber., 1879, 12, 1385) the presence of 
a-thiolacetic acid. 

Found: N = 10*58; S = 12-2. 

C12H12O3N2S requires N = 10'60; 8 = 1212 per cent. 

A mixture of ethyl chloroacetate and a6-phenylcarbethoxythio¬ 
carbamide, in alcoholic solution, was boiled for three hours under 
reflux with excess of calcium carbonate, and filtered whilst hot. 
From the filtrate, as it cooled, the unchanged thiocarbamide sepa¬ 
rated in crystals, and the mother liquor gave no reaction for 
or-thiolacetic acid; in these circumstances, therefore, neither an uo~ 
thiohydantoin nor an ^>othiohydantoic add had been formed. 

Hydrolysis ,—Hot concentrated hydrochloric acid rapidly dissolved 
the substance, carbon dioxide being evolved, and from the solution, 
as it cooled, ' phenyldioxythiazole' separated in long, flattened 
prisms melting at 143—144°. In different experiments the yield 
varied from 60 to 80 per cent, of the theoretical. 

The acid liquor from which the crystals had been deposited gave, 
on evaporation, ammonium chloride together with a little aniline 
hydrochloride. As phenyldioxythiazole itself yielded no aniline 
when heated with hydrochloric acid, it is possible that the tsothio- 
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hydantoin, 

isomeride, C 02 Et*N;C<^g^|^^^ ^ 
producible. 


, contained a trace of the 

2 

from which aniline would be 


Phenylcarhomethoxyimthiohydantoin. 

This was prepared in the manner already described, but from 
a-phenyl-6-carbomethoxythiocarbamide, and was similarly recrystal¬ 
lised from acetic acid. Marked decomposition occurred during the 
preparation, and the yield was poor. Except that the compound 
was rather more readily soluble in cold acetic acid, it resembled 
alike in properties and in reactions the carbethoxy-homologue; 
when heated, it decom 2 )osed gradually, but did not melt, even at 
250° 

Found: S = 12*45. 

CjjH^q 03 NoS requires S = 12*8 per cent. 


Phe?iylcarhoxy-(ytolyJi 80 thiohydantoin. 

a-Phenyl“6-carboxy-o-tolylthiocarbamide (7*6 grams), in dry ben¬ 
zene, was heated for three hours, under reflux, with excess of chloro- 
acetyl chloride. On cooling, crystals were deposited which, after 
recrystallisation from alcohol, weighed 1*3 grams, the original 
mother liquor, when evaporated, giving 3*5 grams of unchanged 
thiocarbamide; the yield, therefore, was but 28 per cent, of the 
theoretical. 

Found: N-8*42; S = 9*85. 

Ci 7 Hj 40 j^NoS requires N —8*59; S = 9*82 per cent. 

The substance occurred in white, rectangular prisms, sparingly 
soluble in cold alcohol or benzene, and melting at 169—170°. De- 
sulphurisation by boiling with the alkaline solution of a lead salt 
was slow and imperfect, even on prolonged boiling; but, with hot 
ammoniacal silver nitrate, blackening took place readily. By hot 
alcoholic potassium hydroxide a-thiolacetio acid was produced, and 
recognised by Andreasch’s method; owing, however, to lack of 
materia], no further experiments could be made towards deciding 
the constitution of the substance. 

The original thiocarbamide, when boiled with ethyl chloroacetate 
-and alcohol in the presence of calcium carbonate, afforded not a 
trace of the above «>othiohydantoin. 
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CarhethoxyiBOthiohyd^ntoin. 

Carbethoxythiocarbamide and chloroacetyl chloride were heated 
with benzene under reflux until hydrogen chloride ceased to escape, 
the action being complete in about three hours. During the process 
a yellow solid weis deposited, consisting of the impure hydrochloride 
of the above base, which latter was obtained by dissolving the 
product in hot acetic acid, filtering off any hydrochloride that sepa¬ 
rated on cooling, and evaporating the filtrate in a vacuum. More 
readily, it is obtainable from the crude hydrochloride by recrystal¬ 
lisation from alcohol, mixed with finely divided calcium carbonate. 

When ethyl chloroacetate was used, instead of chloroacetyl 
chloride, no sign of interaction was detectable after three hours' 
boiling; but when the experiment was repeated with an alcoholic 
solution in the presence of calcium carbonate, this being filtered off 
at the end of one and a-half hours, the filtrate, on cooling, deposited 
the nearly pure base. 

Carhethoxyi^othiohydantoin separates from alcohol in white, 
hard, felted needles, melting and decomposing at 173—174®; it is 
sparingly soluble in cold water, moderately soluble in methyl 
alcohol, more readily so in ethyl alcohol, and dissolves freely in 
glacial acetic acid. It is not desulphurised by boiling with the alka¬ 
line solution of a lead salt or with ammoniacal silver nitrate, but is 
hydrolysed by hot alcoholic potassium hydroxide, with the forma¬ 
tion of Or-thiolacetic add. 

Found: N = 14*84; 8 = 17*11. 

CgH80sN2S requires N = 14*90; 8 = 17*02 per cent. 

Hot dilute hydrochloric acid readily dissolved the substance, with 
effervescence due to the escape of carbon dioxide, and from the 
solution, when it had been evaporated down to a small bulk, crystals 
were deposited melting at 120—125® and consisting of nearly pure 
dioxythiazole. 

The hydrocMoride formed cream-white needles, commendrig to 
decompose at about 160®,‘but not melting at 200®. Insoluble in 
benzene, it dissolves in hot acetic add with the loss of part, but not 
all, of the combined hydrogen chloride. By dissolution in hot water 
it is rapidly and completely decomposed, the liberated acid convert¬ 
ing the base into dioxythiazole; with boiling alcohol the same change 
occurs, but more slowly. 

Found: 8 = 14*62. 

CeHg08N2vS,HCl requires 14*25 per cent. 
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Carbomethoxyisothiohydantoin, 

From carbomethoxythiocarbamide, in benzene, and chloroacetyl 
chloride the hydrochloride was obtained as in the last preparation, 
and opt recrystallisation from acetic acid gave the pure base. Simi¬ 
larly,,^rom the above thiocarbamide and ethyl chloroacetate in the 
presence of calcium carbonate (but not in its absence) the free base 
was obtained. 

In respect of general properties and reactions, carbomethoxy/ 50 - 
thiohydantoin closely resembles the carbethoxy-homologue, being, 
however, somewhat less readily soluble in methyl alcohol, ethyl 
alcohol, or glacial acetic acid. It has no definite melting point, but 
decomposes from about 170° onwards, being still unmelted at 220°. 

Found: N = 16-05; S = 18*24. 

C^HflOaNgS requires N—16 09 S = 18*39 per cent. 

On contact with hot dilute hydrochloric acid, it dissolved with 
escape of carbon dioxide, the solution, when evaporated, giving 
ammonium chloride, together with dioxythiazole. (Found, 
S=-26*85; dioxythiazole requires 8 = 27*35 per cent.) 

By alkaline hydrolysis it yielded a-thiolacetic acid, which was 
recognised as before. 

Carhophen oxyho t h ioh yd an toin, 

Carbophenoxythiocarbamide in dry benzene, when heated under 
reflux with chloroacetyl chloride, gave a yellow, crystalline mass of 
the substituted 7>othiohydantoin hydrochloride. By treatment with 
boiling alcohol containing finely divided calcium carbonate in sus¬ 
pension, the free base was obtained in faintly yellow crystals melting 
at 185—186°. 

Found: S = 13*51. 

CjoHgOgNgS requires S = 13*56 per cent. 

Hydrolysis with hot alcoholic potassium hydroxide gave a solution 
responding to Andreasch's test for a-thiolacetic acid. 

With the foregoing thiocarbamide, in alcohol, ethyl chloroacetate 
failed to react, even in the presence of calcium carbonate—a result 
differing sharply from that observed with the carbethoxy- or with 
the carbomethoxy-analogue. The experiment was repeated, carbo- 
o-tolyloxythiocarbamide being used instead, but in this case, too, no 
interaction took place. 

Chbmistry Dbpaktment, 

University College, 

Cork. [Received^ December lOtA, 1919,] 
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XII.— Garhoalkyloxythiocarhamides. 

By Augustus Edward Dixon and Raymond Thomas Joachim 

Kennedy. 

In the course of a recent investigation (see preceding paper^ pro¬ 
gress was much retarded through the difficulty experienced in pre¬ 
paring sufficient quantities of certain necessary thiocarbamides, 
particularly those containing the carbomethoxy- or the carbethoxy- 
group, alone. Although such compounds are known, having been 
obtained both from the corresponding thiocarbimides and ammonia 
(Doran, T., 1896, 69, 331) and by the hydrolysis of aldehyde- 
ammonia derivatives of the former (Dixon and Taylor, T., 1916, 
109 , 1260), the yields are far from satisfactory—at all events, the 
best yield now attained by either method did not exceed 5 per 
cent, of the theoretical. 

From < 2 Z>-acetylphenylthiocarbamide, by heating it with excess of 
ethyl chlorocarbonate, the acetyl radicle is expelled as chloride, 
with the formation of the corresponding aZ/-carbethoxyphenylthio- 
carbamide (Doran, T., 1901, 79 , 913); it seemed, therefore, almost 
a foregone conclusion that from acetylthiocarbamide, in like circum¬ 
stances, the products must be acetyl chloride and carbethoxythio- 
carbamide, NH2*CS'NH’C02Et. This forecast proved incorrect, 
for, on experiment, no trace of the latter substance was obtained. 

By treating with dilute alkali hydroxide the additive compound 
of a hydrocarbon mono-substituted thiocarbamide and a chloro¬ 
carbonate, Dixon succeeded in realising the changes 

► ^j^^>CS-C02Et -> NH,-CS-NR-CO,Et 
on the other hand, the corresponding, non-substituted base, 

^>c:s-C0jEt, 

when similarly liberated from its 'hydrochloride,' broke down 
without yielding carbethoxythiocarbamide (T., 1903, 83 , 558, 565). 

In the last case, the attack of the alkali hydroxide being 
primarily on the carbethoxy-group, it seemed probable that if alkali 
bicarbonate were used instead of alkali hydroxide, the disruption 
of that group might at least be hindered for a while. If so—the 
speed of migration of an acyl radicle from sulphur to nitrogen 
being often a matter of seconds—even a slight delay in the break¬ 
ing dow^ of the carbethoxy-complex might leave time enough for 
its transference. 
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Experimentally, this prevision has been justified by the produc¬ 
tion of the compounds sought, namely, carbomethoxy- and carb- 
ethoxy-thiocarbamides; they have been obtained, however, only 
indirectly, and through some unexpected intermediate reactions. 
Briefly, the facts are as follows. 

Th^arbamide-ethyl chlorocarbonate, in 

aqueous solution yields with sodium hydrogen carbonate a bulky, 
white precipitate of the corresponding bicarbonate, 


NH 

NH 


^>c:8< 

2 


CO^Et 

OCO.^H’ 


an unstable compound, which soon changes into a compact mass of 
prisms consisting of «/i-dicarbethoxythiocarbamide; concurrently, 
thiocarbamide is liberated and passes into solution, along with the 
sodium chloride. The dicarbethoxythiocarbamide, itself stable, is 
readily hydrolysed in alcoholic solution by hydrochloric acid, with 
the formation of the monocarbethoxy-derivative, 
NH2-CS-NH-C02Et. 

Although the bicarbonate soon decomposes, especially in the 
presence of water, the change requires a certain time, and the bulky 
precipitate, if treated at once with dilute hydrochloric acid, dis¬ 
solves, thereby furnishing a clear solution of the original salt (thio- 
carbamide-ethyl chlorocarbonate, in aqueous solution, gives a 
picrate identical with that obtained from the above solution of the 
bicarbonate in acid). The bicarbonate, after some twenty-four 
hours’ keeping in a desiccator, changed completely into a mixture 
of thiourea and dicarbethoxy thiocarbamide. 

Thiocarbamide-methyl chlorocarbonate behaves similarly. 

The spontaneous change of a salt containing but one carbethoxy- 
(or car bom ethoxy-) group into an aa-di-substituted thiocarbamide 
is a remarkable phenomenon. That the last-named substance really 
has the a«-configuration follows from experimental results, that 
will presently be stated; moreover, that it is no mere by-product is 
clear, for, reckoned on the weight of ‘ hydrochloride ’ employed 
and calculated from the equation 

NH,-CS.N(C0,Me),+CSNjH, + 2H,C08, 

the yield of di-substitution derivative may reach at least 70 per 
cent, of the theoretical. 

As regards the migration of an acyl group from sulphur to 
nitrogen, the process is of a kind now well established as normal. 
Further, if one of the two nitrogen atoms of the acyl-^-thiocarb- 
amide is charged already with a hydrocarbon radicle, the wander- 
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ing acyl group goea always to join the latter (see, for example, 
Dixon and Hawthorne, T., 1907, 91 , 128), and may either remain 
there permanently, or may again move, spontaneously or under 
stress, to the other; but, to the already substituted nitrogen atom, 
it goes in the first instance. Consequently, if the group *002^ 
has made its normal excursion to yield the substituted thiocarb- 
amide, NH 2 ’CS*NH’C 02 R, it seems natural that a second, follow¬ 
ing in after the first, should take up the same station, at all events 
temporarily. In the case here considered, one may reasonably 
suppose that the second radicle is furnished by another molecule* 
of the base, NH 2 *C(!NH)*S*C 02 R, which holds it only loosely; and 
the fact that thiourea, not initially present, is found eventually 
along with the di-substitution product, is consistent with such a 
view. Still, it is a curious change, and all attempts hitherto made 
to reproduce it with other acyl sulphonium salts have proved 
unsuccessful. 

For the structure, NH2*CS*]JT(C02R)o, assigned to the foregoing 
dicarboalkyloxythiocarbamides, the experimental evidence is that 
the dicarbethoxy-compound, by cold concentrated alkali hydroxide, 
is resolved into thiocyanic acid and the ethyl ester of iminodi- 
carbonio acid, 

NH2-CS-N(C02Et)2 HSCN + NH(C02Et)2. 

Those cw-derivatives are white. According to E. A. Werner (T., 
1916, 109 , 1124), the yellow diacetylthiourea, obtained from acetic 
anhydride and thiourea in the presence of a mineral acid, is a 
^-thiocarbamide, MeCO*NH*C(INH)*S*COMe. Whether this really 
expresses the constitution of the compound, it is somewhat difficult 
to judge from the evidence adduced, since part of the latter— 
notably the decomposition, by heat, into acetamide and acetylthio- 
carbimide—would equally well support the -formula. In the 
present connexion, however, the sole point of interest was to learn 
whether the two acyl radicles might possibly be attached to the 
same nitrogen atom. On treatment with concentrated alkali hydr¬ 
oxide, however, the diacetyl compound afforded not a trace of thio¬ 
cyanic acid, a result decisive against that view. 

Experimental. 

Carb ethoxy-derivatives. 

To a concentrated aqueous solution of thiocarbamide-ethyl 
chlorocarbonate,* sodium hydrogen carbonate was added in slight 

* NHjv /CO^Et 

. This name is not quite so cumbrous as diamino- 

im/ NCI 

methyleneoarbethoxysulphonitim chloride. Besides, it is not impossible that 
the compound may be an ammonium salt. 
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excess; carbon dioxide was rapidly evolved, a crystalline material 
being deposited, which, after it had remained for some time, was 
collected, washed, and dried. The product formed shining, white, 
rectangular plates melting at 97° with effervescence, and with the 
evolution of carbethoxythiocarbimide, easily recognised by its 
characteristic odour. Practically insoluble in water or in benzene, 
it dissolved freely in alcohol, the solution giving with ammoniacal 
silver nitrate a black precipitate of silver sulphide, but resisting 
desulphurisation by the alkaline solution of a lead salt, even after 
prolonged boiling. Analysis showed the compound to be a dicarb- 
ethoxythiocarbamide. 

Found: N=:12-64; 8 = 14-44. 

C 7 H 12 O 4 N 2 S requires N = 12-73; 8 = 14*54 per cent. 

In cold concentrated alkali hydroxide, the substance dissolved 
readily, a portion of the liquid, when acidified and then treated 
with ferric chloride, giving the reaction of thiocyanic acid. From 
the remainder, ether extracted a material having the properties 
and giving the reactions of diethyl iminodicarbonate (Found: 
N = 8 - 68 . C 6 HUO 4 N requires N = 8'69 per cent.). 

When allowed to evaporate spontaneously, the liquor from -which 
the dicarbethoxythiocarbamide had separated left a residue of 
sodium chloride mixed with thiourea. 

Dicarbethoxythiocarbamide is practically insoluble in dilute 
hydrochloric acid. Yet the precipitate obtained by means of 
sodium hydrogen carbonate, if treated immediately with a dilute 
acid, dissolved at once, and the solution gave with picric acid a 
sparingly soluble, bright yellow picrate melting at 150—151°. 
From an aqueous solution of thiocarbamide-ethyl chlorocarbonate, 
a picrate was obtained having the same melting point, and a mix¬ 
ture of the two, in equal proportions, melted also at 150—151°; 
evidently, the bicarbonate precipitate, when freshly prepared, is 
transformable into the salt from which it was generated. 

That precipitate, originally voluminous, but shrinking as it 
changes into the thiocarbamide, was supposed at first to be the free 
base, carbethoxy-^-thiocarbamide, NH 2 ’C(!NH)'S'C 02 Et. Strange 
to say, this is not so; it is an unstable salt, apparently the 
bicarbonate of the base. When filtered off as rapidly as possible, 
washed with acetone, and dried in bibulous paper, it formed rect¬ 
angular plates, melting and effervescing at 59—60°, having a 
distinct odour of carbethoxythiocarbimide, and dissol-ving in acid 
with the evolution of carbon dioxide to a clear solution; in plain 
water it dissolved appreciably, but without effervescence. 

Found: N = 15'2; 8 = 16*4. 

C 5 H 10 O 3 N 2 S requires N = 15*64; 8=17*87 per cent. 

b2* 
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Naturally, the experimental figures are no more than roughly 
approximate to those calculated. After twenty-four hours' keep¬ 
ing in a vacuum desiccator, the substance had completely decom¬ 
posed into a mixture (m. p. 70—100^), from which water extracted 
a portion, leaving a residue of slightly impure dicarbethoxythio- 
carbamide. The aqueous extract, when treated with hydrochloric 
acid and potassium nitrite, followed by picric acid, yielded the 
picrate of formamidine disulphide, recognised by its melting point 
and by the mixed melting-point method; hence it contained thio¬ 
urea. Neither carbethoxythiocarbamide nor aa-dicarbethoxythio- 
carbamide yields a derivative of formamidine disulphide under the 
above conditions, nor does either of them give a picrate with 
aqueous picric acid. 

Further to confirm that the unstable substance is a carbonate 
(and not the corresponding free base), a quantity of the freshly 
prepared material, in aqueous solution, was mixed with a clear solu¬ 
tion of basic lead acetate, whereon lead carbonate was pre¬ 
cipitated. To the filtrate, freed from most of the lead by means 
of hydrochloric acid, and subsequent filtration, picric acid was 
added, the picrate of carbethoxy-i^-thiocarbamide (see above) thus 
being obtained. 

Carbethoxythiocarbamide is formed when a solution of aa-dicarb- 
ethoxythiocarbamide, in alcohol, is acidified with hydrochloric acid; 
on keeping, the former gradually separates in crystals, the yield 
being about 80 per cent, of that required by the equation 
NH2-CS-N(C02Et)2 + HgO —> NHs-CS-NII-COsEt-f COg + EtOH. 
More easily, it may be obtained by adding excess of sodium 
hydrogen carbonate to an alcoholic solution of thiocarbamide-ethyl 
ohlorocarbonate, and shaking the mixture from time to time; when 
the reaction is at an end, the turbid mixture is filtered, the filtrate 
being then acidified and set aside for the crystals to separate. 
Although, in relation to the amounts of thiocarbamide and of ethyl 
ohlorocarbonate originally taken, the yield is not very gratifying, 
yet, compared with that of the methods earlier mentioned, it is 
highly productive; the process, too, is facile of operation, because 
the ' hydrochloride' may be obtained by passing carbonyl chloride 
through a suspension of thiourea in benzene and absolute alcohol 
(compare T., 1903, 83 , 565). 


Carhomethoxy-derivatives, 

Thiocarbamide-methyl chlorocarbonate, in aqueous solution, gave 
with sodium hydrogen carbonate a bulky, white precipitate, melting 
at 62*6—63*6®, and resembling in general properties the carbethoxy- 
homologue, except for a slightly greater solubility in water. The 
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freshly prepared hydrogen carbonate, dis¬ 

solved readily and completely in cold dilute hydrochloric acid, the 
solution yielding with picric acid a sparingly soluble, bright yellow 
pier ate melting at 207—210^. 

Found; N = 14-72; S--17-44. 

C^JI^Or^NoS requires N=: 14*28; S = 16*33 per cent. 

To measure the carbon dioxide, a portion was treated in the 
Lunge nitrometer, over mercury, with excess of dilute hydrochloric 
acid. 

Found: C02~ 21*65. Theory requires COg—22*45 per cent. 

Decomposition was slower than in the case of the carbethoxy- 
derivative, the solid, even after twenty-four hours’ keeping, still 
effervescing slightly on acidification; at the end of two days, how¬ 
ever, the change was complete. By means of cold water, the thio¬ 
urea was extracted, a mass of white, rhombic plates being left; 
they were readily soluble in alcohol, but practically insoluble in 
water, ether, acetone, benzene, or light petroleum, and melted at 
117—118^. 

Found: N —14*14; 16-54. 

Cr,Hf^ 04 N 2 S requires N —14*58; S—16*67 per cent. 

Reckoned from the weight of tliiocarbamide-methyl chloro- 
carbonate employed, the yield of dicarboinethoxythiocarbamide was 
about 70 per cent, of the theoretical. 

In cold concentrated alkali hydroxide, the substance dissolved at 
once, the solution reacting copiously for thiocyanic acid; hence 
both carbomethoxy-groups are attached to the same nitrogen atom. 

The alcoholic solution, when acidified with hydrochloric acid, 
gradually deposited crystals of carbom ethoxy thiocarbamide. In 
this case, however, as in that of the higher homologue, it is un¬ 
necessary to prepare the aa-compound; an alcoholic solution of thio- 
carbamide-methyl chlorocarbonate (which may be prepared from 
thiourea in methyl alcohol-benzene suspension and carbonyl 
chloride), when treated with sodium hydrogen carbonate and then 
acidified, gives the mono-substitution derivative in yield varying 
from 60 to 70 per cent, of the theoretical. 

A solution of thiocarbam id e-methyl chlorocarbonate in water 
remained practically clear after some weeks’ keeping, and hence 
had developed neither carbomethoxy- nor dicarbomethoxy-thio- 
carbamide. Decomposition slowly occurred, partly with regener¬ 
ation of thiourea and partly with the formation of the hydro¬ 
chloride of methyl-i^-thiocarbamide, NH 2 ’C(INH)*SMe. 

CHXBnsTBY Dbpartmbnt, 

Univuhsity Colleob, 

Gobk. 


[Received^ December 1919.] 
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XIII .—Organic Derivatives of Tellurium. Part L 
Dimethyltelluronium Diha loids. 

By Eichard Henry Vernon. 

The first mention of dimethyltelluronium di-iodide, TeMe 2 l 2 , is by 
Demar 9 ay (Bull. Soc. chim., 1883, [ii], 40 , 99), who merely states 
that this substance is obtained by the action of methyl iodide on 
tellurium, and that decomposition takes place at 100 — 120 °. 

In 1904, Scott (P., 1904, 20, 157) confirmed Demar 9 ay ’8 work, 
mentioned that neither sulphur nor selenium behaves in a similar 
manner, and described the preparation of trimethyltelluronium 
iodide. 

The present paper is more in the nature of an introduction to 
the chemistry of this singular di-iodide, and its main object is to 
show that there are not only two dimethyltelluronium di-iodides,. 
two dibromides, and two dichlorides, but that these haloid deriv¬ 
atives of the bivalent radicle dimethyltelluride ”’are respectively 
isomeric. 

The reason for this duplication is that there are two bases, and 
that each base gives a corresponding series of derivatives. 

The first, or a-base, is obtained by treating Demar 9 ay^s red iodide 
with silver oxide and water. An aqueous solution with markedly 
basic properties results. 

To prepare the second, or )8-base, the solution of the a-base is 
evaporated to dryness under specified conditions, and the white, 
crystalline mass redissolved in water. 

The chemical behaviour towards reagents of these two bases is 
shown in the following table, the solutions in each case being 
precisely of the same concentration. 


Reagent 

Aqueous 

solution of o-base. 

Aqueous 

solution of )8-base. 

AgNO, . 

.. Precipitate of AgjO. 

White precipitate. Becomes 
black on boiling. 

FeClj . 

.. Precipitate of Fe(OH)s 
when base is in excess. 

White precipitate when 
base is in excess. 

FeClj .. 

.. A red solution becoming 

No precipitate when FeClj 
is in excess. 


darker on boiling. 

H,PtCl, . 

.. No precipitate. 

Yellow platinum salt. 

Piorie acid. 

.. No precipitate. 

Yellow picrate. 
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The best reaction to distinguish between them is that with silver 
nitrate, and this first directed the author’s attention to their exist¬ 
ence. Another typical reaction is with ferric chloride. Both these 
bases form picrates, but that of the a-base possesses a much greater 
solubility than that derived from the jB-base. Generally speaking, 
the two bases behave towards metallic salts like the alkalis, the pre¬ 
cipitates being apparently similar in some cases, but showing 
marked differences in others. 

Apart from these reactions, the chief feature of interest lies in 
the action of the halogen acids. 

Thus, if the a-base is treated with hydriodic acid, the original 
a-iodide, namely, Demar 9 ay’s, is regenerated. 

TeMeJ^ TeMe^(OB), TeMe^l^ 

o-Iodide. a-Base. o-Iodide, 

On treatment of the /3-base with hydriodic acid, in marked con¬ 
trast to the a-, Demar 9 ay’s iodide is not regenerated, but a new 
iodide totally different in chemical and physical properties, and 
this new or j8-iodide has proved to be isomeric with the a- or 
Demar 9 ay’s iodide. The equation now becomes: 

TeMe^^Ij ^ TeMe,(OH)2 TeMe2(OH)2 TeMeJ, 

a-Iodide. a-Base. /S-Baae. j8-Iodide. 

Repeated attempts have so far shown that, although the a-base 
easily changes into the 0-, the reverse is not the case. Further¬ 
more, each iodide is converted into its corresponding base on treat¬ 
ment with silver oxide, and hence the still more generalised equa¬ 
tion can be written: 

TelMfjXj TeMe„(OH)2 TeMe„(OH)j ^ TeMe,Xj 

UX " ^ " Ap*0 

a-Haloid. o-Base. /B-Base. j8-Haloid. 

where X is either chlorine, bromine, or iodine, precisely the same 
reactions taking place with the other two halogen acids as with 
hydriodic acid itself. 

There are thus six dimethyltelluronium dihaloids of the general 
type TeMe 2 X 2 , and in future all derivatives of the o-base will be 
prefixed by the letter a and those of the 0-base by the letter 0. 

This is very necessary, because not only do the two haloid series 
exist, but every salt is duplicated. This does not imply, however, 
that they are necessarily isomeric. 

Melting Points ,—^The following is a comparison of the melting 
points: 

a-Chloride : 92® ^-Chloride : 134® 

a-Bromide : 92® 3-Br<imide : 142® 

K-Iodide 1 127® /9-Iodide : (no m. p.) 
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Of these, the a-chloride and bromide melt sharply without decom¬ 
position, and the remainder decompose on fusion. The iS-iodide 
imperceptibly cshanges into tellurium and methyl iodide above 100^, 
but no sign of fusion is observed. 

Colour and Absorption Spectra .—Solutions of the dimethyl- 
telluronium dihaloids have somewhat different colours from the 
salts themselves, and this is particularly marked with the two 
iodides. 

The bright red crystals of the a-iodide give a deep orange solii- 
tion, and the black or greenish-black crystals of the jS-iodide a 
blood-red one. The following table gives the colour of the salts 
and their solutions: 


Solution 
(TV / 100 in ethyl 
Salt. alcohol). 

a-Chloride . Colourless. Colourless. 

j3-Chloride. Tinged. Tinged. 

a-Bromide. Yellowish. Yellowish. 

^-Bromide. Orange Orange. 

O'lodide. Red. Deop orange. 

;8-Iodide. Black (greenish- Blood-red. 

black). 


Of considerable interest is the absorption spectra in the ultra¬ 
violet region, photographs of which were obtained through the 


Thickness of 

Salt. solution. \ 


a-Chloride . 

. 2 mm. 

2(140 


10 „ 

2742 


20 „ 

2700 


30 „ 

2780 

8-Cliloride . 


2680 


10 „ 

2760 


20 „ 

2890 


30 „ 

2935 

a-Bromide .. 


3005 


10 „ 

3246 


20 „ 

3300 


30 „ 

3350 

^•Bromide. 


3045 


10 „ 

3310 


20 „ 

3406 


30 „ 

3460 

a-Iodide. 


3940 


10 „ 

4190 


20 „ 

4320 


30 „ 

4426 

8-Todide. 


4350 


4 „ 

4426 
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kindness of Mr. J. E. Purvis. Hundredth-mol. solutions, in ethyl 
alcohol, were used in each case, and fifteen photographs were taken 
on each plate. The source of illumination was a cadmium spark, 
and the exposure was two minutes for each photograph. In no 
case were any bands observed, and the positions where general 
absorption began are given for thicknesses of 2, 10, 20, and 
30 mm. 

It will be noticed that (1) the jS-haloid has a greater absorbing 
power than the corresponding a-one, and (2) the a-chloride shows 
the least absorption and the /3-iodide the greatest, the latter absorb¬ 
ing to the extent of complete extinction through a thickness of 
solution greater than 4 mm. 

In view of the enormous absorbing power of the two iodides, and 
especially of the )3-ior]ide, two extra spectrographs were taken 
using a ten-thousandth-mole solution (ethyl alcohol), otherwise 
precisely the same conditions were maintained, and although a 
marked difference between the two was still noticeable, no bands 
were apparent. 

Constitvtion. —(1) The existence of two series of dimethyl- 
telluronium dihaloids has been established. In the case of each of 
the chlorides, bromides, and iodides it has been shown* (i) that 
they have the same percentage composition, (ii) that they have the 
same molecular weight, and (iii) that there is no question of poly¬ 
morphism, since {a) the absorption spectra are different, and (6) 
their chemical behaviour is different, thus each regenerates its 
respective base when treated with silver oxide. The conclusion 
is, therefore, that these haloids must be respectively isomeric. 

(2) Rince in the a- as well as in the /3-series both halogens are 
ionisable, the halogen being precipitated qiiantitatively by silver 
nitrate, and both the o- and the ^S-bases are strongly diacidic, the 
haloids of both series must be represented by structural formulae 

of the type 

(3) The fact that there exist in these simple compounds of 
quadrivalent tellurium two substances corresponding with one 
structural formula shows that the relationship between the four 
tellurium valencies must be different from that generally assumed 
to exist between the carbon valencies in such a compound as 
methylene iodide, that is, there cannot be four equal valencies 
directed towards the solid angles of a regular tetrahedron of which 
the tellurium atom occupies the centre. 

* AnalytipaJ figures and molecular weights will be found in the experimental 
part. 
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(a) The four tellurium valencies might have different values 
and not be equivalent to one another. 


Te^ 


OH. 

CH3 

X 

X 


Te 


- CUj 
CH3 

-X 

X 


(b) Their arrangement might differ widely from the regular 
tetrahedral disposition. The most symmetrical disposition that 
would account for the existence of the two isomerides would be 
that in which the four valencies are in one plane. 






CH, 


CH, 


(c) Another suggestion that might be put forward is that the 
tellurium atom occupies the apex of a pyramid with a rectangular 
base. 

(4) The discussion of the exact cause of the isomerism will be 
fully dealt with in a later paper. The purpose of the present 
communication is merely to show that the compounds TeMe 2 Xo 
actually exist in two isomeric forms. 


Experimental. 

The a- or Bew,ar(^ai/s Iodide {a-Birnethyltelhiroriium Bi-iodide'), 

According to Demar 9 ay, this substance is obtained directly by 
heating at 80® a mixture of methyl iodide and tellurium in the 
proportion of two mols. of the former to one of the latter. 

The best method of procedure is to blow a 150—200 c.c. bulb 
on the end of a 1*5 to 2 cm. glass tube, seal up the contents 
(50 grams of amorphous tellurium and 112 grams of methyl iodide 
is a convenient amount), and keep in a water-bath at 80® for thirty- 
six: to forty-eight hours. Very little pressure is developed at any 
time, and none will be found when the cold tube is opened. This 
is now broken into a mortar, the brittle, red mass finely powdered 
and extracted with chloroform, and if the same chloroform is used 
for repeated extractions, very little is necessary. A hot funnel will 
be required when filtering off the unchanged tellurium. The 
interaction between methyl iodide and tellurium is very rapid at 
first, but gradually becomes slow, and eventually appears to stop 
altogether, even on prolonged heating. In one experiment, when 
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50 grama of tellurium and 112 grams of methyl iodide were kept 
at 80^ for forty-eight hours, a yield (the yields are calculated on 
the crystalline iodide obtained from chloroform) of 50 per cent, 
was obtained. 

Precisely the same quantities, when kept at 80° for three weeks, 
gave only a 55 per cent, yield. The yields are proportionally 
greater when small quantities are used. 

The a-iodide crystallises from solvents in varying shades of red 
and melts and decomposes at 127°: 

0*2293 gave 0*0490 COo and 0*0325 HoO. C-5*83; H = l*57. 

0T890 in 34*65 benzene gave 0*068°. M.W. = 401. 

C 2 Hgl 2 Te requires C = 5*83; H™1*46 per cent. M.W. = 411. 

The reaction between tellurium and methyl iodide is a reversible 
one, 

80 ^ 

Te + 2CH3T (CH,),TeI„ 

100 ' 

proceeding from left to right at 80° and from right to left at or 
above 100°. In order to show this, a weighed quantity of the 
iodide was placed in a small bulb blown at the end of a 4 mm. 
tube, the open end being drawn out into a fine capillary tube and 
bent at right angles. This constituted a small distilling flask, and 
the iodide when carefully heated to 100° in a sulphuric acid bath 
began to decompose. The temperature was gradually raised to 
180°, and the distillate collected in a weighed tube kept in ice: 

1*2912 gave Te (residue) = 0*4206; CH^I (distillate) =*0*8352. 

Te = 32; CHsI = 65. 

CoHgloTe requires Te = 31; per cent. 

These figures are not in close agreement, but are sufficient to 
show that methyl iodide is the product of decomposition, and not 
dimethyl telluride. The distillate, also, was quite free from the 
overpowering odour of the telluride. 

The a-iodide is soluble in most organic solvents, the best being 
chloroform and benzene. To obtain good crystals, boiling saturated 
solutions should be allowed to cool, and, when cold, the solvent at 
once decanted, otherwise polymerisation sets in. 

The a-iodide is not soluble in cold water, but on prolonged boil¬ 
ing an orange-red solution is obtained which, on cooling, deposits 
the iodide, leaving a perfectly colourless solution. The salt is 
partly hydrolysed and the reaction is reversible. 

+ 2H,0 TeMe,(OH)j + 2HI 

A curious state of equilibrium between the a-base and hydriodic 
acid results when a boiling saturated solution of the iodide is 
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suddenly poured into a large excess of cold water, A fine, yellow 
precipitate at once forms and as quickly disappears, the aqueous 
solution remaining quite colourless. The base is now in equilibrium 
with the hydriodic acid, and will remain so indefinitely. 

If this perfectly colourless solution is evaporated, crystals of the 
iodide appear. If hydriodic acid is added, the iodide is at once 
precipitated. 

The action of alkalis and of both aqueous and dry ammonia on 
the iodide will be dealt with in a separate paper. 

A remarkable reaction, which is almost unique, is that between 
the iodide and mercury diphenyl. If boiling chloroform solutions 
of the two compounds are suddenly mixed, the mixture will remain 
perfectly clear and quiescent for a few seconds (this period depend¬ 
ing on the concentration of the solutions and on the temperature, 
decreasing with an increase of concentration and inversely), and 
then, in a flash, the reaction sets in, and the perfectly clear solution 
instantly becomes opaque. 

The explanation for this reaction probably lies in the formation 
of an oil (an excessively unstable form of the mercury compound), 
which is, moreover, very readily soluble in chloroform. At a 
given moment this oil suddenly changes into the more stable 
crystalline form, which is quite insoluble in chloroform. Experi¬ 
ment shows the existence of such an oil, and the complete insolu¬ 
bility of the crystalline mercury compound in chloroform rather 
confirms this hypothesis. 

This mercury diphenyl reaction is very characteristic of the 
a-iodide, and although similar compounds are formed with other 
aliphatic tellurium derivatives, such as with diethyltelluronium 
di-iodide (a lemon-yellow salt), the reaction does not take place in 
this curious manner. 

Fuming or concentrated nitric acid precipitates the iodine from 
the a-iodide, and if the mixture is evaporated on the water-bath 
the iodine is gradually expelled, and the colourless solution deposits 
white crystals of the a~nitrate, which melts sharply and without 
decomposition at 142®. This nitrate is explosive when suddenly 
heated. The a-iodide gives a green platinum salt with chloro- 
platinic acid. 


The a-Base. 

This is obtained from the a-iodide by the action of silver hydr¬ 
oxide. Thirty-six grams qf silver nitrate and 10 grams of sodium 
hydroxide are each dissolV^ in 500 c.c. of water, and the boiling 
solutions mixed. The mixture is vigorously boiled until the silver 
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hydroxide becomes granular, when it is collected and washed with 
5 litres of boiling water. 

Twenty-four grams of the iodide are now ground in a mortar 
with the freshly prepared silver hydroxide, and sufficient water to 
make a thin paste. When the red crystals have completely dis¬ 
appeared, the reaction is completed, but it is preferable to allow 
half an hour to elapse, with occasional grinding, before filtering. 
The reason of this is that a crystal of the iodide is very liable to 
become coated with silver iodide, thus impeding further action; 
hence thorough grinding is necessary. 

The silver iodide and mortar are now washed with boiling water, 
and the filtrate (150—200 c.c.), which is generally somewhat opal¬ 
escent, contains the a-base. The quantities indicated in this pre¬ 
paration allow for an excess of silver hydroxide. 

This strongly alkaline solution behaves in a very similar manner 
to the mineral bases, and with silver nitrate gives silver hydroxide, 
probably according to the equation 

2AgN03 4- TeMeo(On)o - 2AgOH -f TeMe2(N03)o. 

With halogen acids, the a-haloid series results, and undoubtedly 
a great number of a-derivatives could be prepared with both 
mineral and organic acids. 

The standard method of preparing these a-salts is not by the 
action of the acid on the base, involving the preparation of the 
base from the iodide, but the direct interaction between the iodide 
and the silver salt of the acid, according to the general equation 
TeMe Jo + 2AgR - TeMeoRo + 2AgI. 

In this manner, the htnzoafe, which crystallises in white needles 
melting at 154°, and the yellow picrate^ crystallising in fine plates, 
were prepared. 

The 0-Base. 

To prepare the /8-base, the a-base is evaporated at 100° under 
about 15 mm. pressure to complete dryness. The reaction can be 
closely followed by taking samples and testing with silver nitrate. 
The point at which the transition from the a- to the /8-base is 
just about to take place is reached when the violent ebullition 
ceases and an oily liquid remains in the evaporating flask. A 
sample of this oil, dissolved in water, still shows the presence of 
the a-base with silver nitrate. If, however, the evaporation is 
continued for a few minutes longer, this oil, which has momentarily 
remained perfectly quiescent, will suddenly begin to bubble 
violently, apparently giving off water, and a white, leaf-like, 
crystalline substance which adheres to the side of the evaporating 
flask is obtained. This is the /S-base. Due to the sparing solu- 
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bility of silver hydroxide in water, the base is invariably more or 
less coloured, the shade varying from pale to dark brown. 

To obtain the colourless jS-base, it is only necessary to redissolve 
the discoloured preparation in water, filter, and evaporate again 
to dryness. This operation can be repeated if necessary. 

From 24 grams of the iodide, 6—7 grams of the base are usually 
obtained, this representing a yield of about 70 per cent, of the 
theoretical calculated from the equation 

TeMegIg -h 2 AgOH = TeMe^O + 2 Agl + H 2 O. 

Owing to its extremely hygroscopic nature and the difficulty of 
thoroughly drying this base, a combustion gave but little inform¬ 
ation as to its constitution: 

0-3488 gave 01610 CO 2 and 0-1041 HoO. 0 = 12-58; H = 3-31. 

CoHoOoTe requires 0 = 12*54; H = 418. OoHgOTe requires 
0 = 13-83; H = 3-46 per cent. 

As will be observed, the value obtained for carbon would indicate 
a dimethyltelluronium dihydroxide, but that obtained for hydrogen 
approaches more nearly to dimethyltelluronium oxide. 

A certain amount of evidence tends to show that the iS-base is 
dimethyltelluronium oxide, namely, its molecular weight in water, 
and analysis of the silver salt obtained by treating the base with 
silver nitrate: 

0-5990 in 47*75 water gave A*=—0*143^. M.W. = 163. The 
hydroxide requires M.W. = 192, and the oxide M.W. = 173.* 

Analysis of the extremely unstable silver salt gave: 

0*2814 gave 0 0403 CO 2 and 0 0305 H 2 O. 0 = 3*91; H = l*20. 
0*1952 „ 0*1088 AgCl. Ag = 41*95.t 

C 2 HQ 0 Te, 2 AgN 03 requires C = 4*66; H=l*17; Ag = 42*00 per cent. 

These figures would therefore point to the existence of a 
dimethyltelluronium oxide, giving additive products with metallic 
salts, such as silver nitrate, ferric chloride, etc. 

It would therefore not be surprising if similar additive com¬ 
pounds of the general type, TeMe 20 , 2 HX, were formed with 
halogen acids, these constituting the jS-series. Analysis alone is 
sufficient to refute this hypothesis. 

Consideration of the analytical figures for the six haloids un¬ 
questionably shows that, whatever the constitution of the jS-base 
may be, a salt results when it is treated with halogen acids, which 
must correspond in percentage composition and molecular weight 

♦ Two other Vidues were 175 and 183. 

t Other values for Ag were 41*90 and 42*00. 
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with the formula TeMe 2 X 2 , and in consequence the jS-base must 
either have a similar constitution or at least a constitution that 
lends itself to the formation of such derivatives. 

This base also possesses alkaline properties, has a powerful odour, 
is very hygroscopic, and is readily soluble in both water and 
alcohol. 

With halogen acids, the j8-series results, and probably a great 
number of iS-salts, both of inorganic and organic acids, could be 
prepared. 

As previously remarked, the transition from the a- to the jS-base 
readily occurs, but all attempts to obtain the reverse reaction have 
completely failed. 

Prolonged boiling, as well as repeated evaporations to dryness, 
of an aqueous solution of the jS-base, etc., have not produced the 
slightest change. That the )8-form is the most stable of the two 
is unquestionably the case. 


The ^-Iodide (fi-Dimethyltelluroniiim DiAodide), 

This iodide is prepared by the action of hydriodic acid on the 
^-base. This, obtained as previously described from 24 grams of 
the a-iodide, is dissolved in about 100 c.c. of water, and the acid 
(D 4*5) is run into it from a burette, the solution being contained 
in a mortar. A few c.c. are run in at first, and a black, viscid, 
tarry mass is at once formed which, on trituration, becomes very 
brittle, and can be finely powdered. This operation is repeated 
until further addition of hydriodic acid (about 17 c.c. are required) 
no longer produces a precipitate. This fine, purple powder, which 
is very heavy, settles rapidly, and the clear, supernatant liquid can 
be poured off. The crude iodide is collected and kept in a vacuum 
desiccator over calcium chloride and sodium hydroxide. 

The dry salt is now dissolved in a minimum quantity of methyl 
alcohol, and the solution filtered through a hot funnel. The deep 
blood-red solution should immediately deposit crystals, and, when 
cold, these should be collected at once. The crystals can be re¬ 
crystallised from methyl alcohol. It also appears to be 
advantageous to add one or two drops of hydriodic acid to the 
solvent. A point to be noted is that it is useless to evaporate 
mother liquors containing the )8-iodide, as not only polymerisation, 
but partial decomposition, with precipitation of tellurium, takes 
place. 

The crystals of the i8-iodide vary somewhat in colour, being at 
times nearly black and at others of an iridescent green. The yields 
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are necessarily low, on account of loss during crystallisation, but 
4 or 6 grams can usually be obtained: 

0*8538 gave 0*1828 CO^ and 0*1168 H^O. 0 = 6*84; H = l*52. 
0*3138 „ 0*3578 Agl. 1 = 61*62. 

0*4482 in 32*55 acetone gave A’ = 0 046°. M.W. = 509. 

requires 0 = 5*83; H = l*46; 1 = 61*72 per cent. 
M.W. = 411.* 


The a-Bromide (a~Dimethyltelluronium Dihromide). 

The a-bromide can be prepared by the action of hydrobromic 
acid on the a-base. The solution of a-base, prepared as described 
from 24 grams of the a-iodide, usually has a volume of between 
160 and 200 c.c., and should be evaporated to about 100 c.c. The 
add (D 1*3) is now run in from a burette until no further pre¬ 
cipitation takes place. The crude bromide is collected and crystal¬ 
lised from ethyl or methyl alcohol. A pure salt is at once obtained, 
and, after thoroughly drying over calcium chloride and sodium 
hydroxide, the leaf-like crystals melt at 92^. Unless the pre¬ 
paration is entirely freed from acid by drying over sodium hydr¬ 
oxide, the melting point will invariably be low. 

A more direct method consists in dissolving the a-iodide in 
aqueous ammonia, precipitating the iodine with an ammoniacal 
solution of silver nitrate, and treating the dimethyltelluronium 
dinitrate with hydrobromic acid. 

This reaction is very complicated, but can be summarised by the 
equations: 

(1) TeMe^Ig-h 2AgN03 = TeMe2(N08)2-f 2AgI, 

(2) TeMe2(N03)2 -f 2HBr =TeMe2Br2 -f 2HNO3. 

Concentrated aqueous ammonia is run drop by drop from a 

burette on 15 grams of the a-iodide (an exothermic reaction) until 
the red salt is completely transformed into a pasty, greyish-white 
mass. This will need but a few c.c., and it is advisable to stir 
thoroughly during the reaction, as the greyish-white precipitate 
ha^ a tendency to cake, thus preventing further action of the 
ammonia. This precipitate is now dissolved in about 200 c.c. of 
water with a drop or two of ammonia if any of the undecomposed 

* Another determination gave M.W. = 707. These values are high, owing 
to polymerisation of the salt in the solvent. Experiment has shown that • 

(1) the molecular weight increases regularly with the concentration, and 

(2) the molecular weight is higher in boiling acetone than it is in freezing 
nitrobenzene, for the same concentration. This polymerisation is more 
marked in the case of the /3-iodide than it is with the /8-bromide. The 
/3-chloride shows no sign of polymerisation and correct values are obtained. 
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iodide is observed. Fifty c.c. of an aqueous solution -containing 
12‘4 grams of silver nitrate, with just sufficient ammonia to re- 
dissolve the precipitate of silver hydroxide, are now added, and 
the mixture is boiled and filtered. The filtrate is evaporated on a 
water-bath until the odour of ammonia has completely disappeared, 
diluted again to 200 c.c., and any silver iodide removed by 
filtration. 

A drop of hydrobromic acid is added to the boiling solution, and* 
if a yellow, insoluble precipitate forms, this indicates an excess of 
silver nitrate. In this case, a further addition of acid is necessary. 
Any silver bromide is now filtered off, and the solution evaporated 
to about 100 c.c. 

The cold filtrate is treated with acid (hydrochloric or hydro¬ 
bromic, according as to whether the a-chloride or a-bromide is 
desired) until no further precipitation takes place. The crude salt 
can now be crystallised from ethyl or methyl alcohol. The yields 
are good, and about 5 or 6 grams are usually obtained after a 
second crystallisation from alcohol: 

0-7248 gave 0*2004 COo and 0T246 HgO. 0 = 7*54; H = l*91. 
0-3350 „ 0*3956 AgBr. Br = 50*25" 

0-6512 in 31-42 acetone gave 7? = 0*105®. M.W. = 335. 

C 2 HeBr 2 Te requires 0 = 7*56; H = l*89; Br = 50*39 per cent. 

M.W,=317. 


The ^-Bromide {fi-Diinethyltell'iironiiim. Dihromide). 

The )3-bavSe from 24 grams of the o-iodide is diluted to about 
150 c.c., and hydrobromic acid (D 1*3) is run in from a burette 
(25—35 c.c. of acid are generally required). 

So long as an excess of base is present, the white, gelatinous 
precipitate redissolves. On continued addition of acid, a somewhat 
granular, insoluble precipitate separates which, on further treat¬ 
ment, becomes bright orange and crystalline. This is the bromide, 
which can be recrystallised from ethyl alcohol, etc. 

In this preparation, mother liquors containing a little free acid 
can be evaporated on a water-bath and allowed to crystallise. 

A certain amount of tellurium, due to slight reduction, is liable 
to precipitate on treatment of the base with the acid, and this is 
especially the case when a too concentrated solution of the base is 
used. The crude bromide is therefore liable to be more or less 
discoloured. 

It is also not advisable to have a marked excess of acid, as this 
appears to react further with the jS-bromide, giving a brown, 
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additive compound. The yields are good, and 6 or 7 grams of the 
crude bromide can usually be obtained. 

The leaf-like crystals, or bright orange, crystalline powder, darken 
at about 135® and melt and decompose at about 142®. Repeated 
crystallisations of this bromide do not alter the melting point: 

0-6944 gave 0*1914 COg and 0*1206 HgG. C = 7*52; H-1-93. 

0-3564 „ 0*4218 AgBr. Br-50*36. 

0*3034 in 46*61 nitrobenzene gave 0*123®. M.W.=370. 

C 2 H 0 Br 2 Te requires C = 7*56; H —1*89; Br —50*39 per cent. 

M.W.=317.* 

The a-Chloride {a-Bimethyltellurmiium Bichloride), 

This is prepared in exactly the same manner as the a-bromide, 
both by the action of hydrochloric acid on the base or directly from 
the a-iodide. It is the most stable of all the dimethyltelluronium 
dihaloids, does not appreciably polymerise, and can be crystallised 
from water, alcohol, etc. From concentrated solutions leaf-like 
crystals deposit, and from dilute aqueous solutions long needles, 
with the same melting point of 92®, are obtained: 

0*5693 gave 0*2196 CO^ and 0*1340 H.O. C = 10*52; H = 2*62. 

0*3618 „ 0*4560 AgCl. 01 = 31*17.“ 

0*2224 in 19*38 acetone gave .^ = 0*085®. M.W. = 229. 

CoHoClgTe requires 0 = 10*50; H = 2*62; 01 = 31*05 per cent. 

M.W. = 228. 


The ^-Chloride {^-Bimethyltelluronium Bichloride). 

To prepare this chloride, the directions given for the preparation 
of the jS-bromide are followed. The precipitation of tellurium when 
hydrochloric acts on the base is not quite so marked as with the 
i3-bromide, but the crude chloride is generally somewhat dis¬ 
coloured. The leaf-like crystals melt sharply at 134®: 

0*3496 gave 0*1346 OOg and 0*0830 HgO. 0 = 10*50; H = 2*64. 

0*2206 „ 0*2777 AgOl. 01 = 31*11. 

0*1648 in 19*11 acetone gave F = 0*065®. M.W. = 226.t 
OgH^OLTe requires 0 = 10*50; H = 2*62; 01 = 31*05 per cent. 

M.W. = 228. 


tTNiVBRSiry Chemical Laboratories, 

Cambridge. [Received, October 2Uf, 1919,] 

* Other values obtained for the molecular weight were: 400, 445 (nitro¬ 
benzene), 430, 459, 626 (acetone), 
t Other values found were 230 : 223 (acetone). 
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XIV .—The Action of Aqua Regia on Gold- 
Silver Alloys in the Presence of Ammonium 
Salts. 

By William Branch Pollard. 

The most practical method of dissolving gold and its alloys is 
undoubtedly by means of aqua regia. 

With gold alloys containing upwards of 15 per cent, of silver, a 
coating of silver chloride forms on the surface of the metal and 
protects it from the further action of the acid. 

By rolling out these alloys until they are very thin, solution 
can often be effected, the coating on the metal never becoming 
sufficiently thick to stop the reaction; thicker pieces are only 
superficially attacked. 

With alloys which are very rich in silver, “ rolling out ” is not 
sufficient to effect solution, and a black coating forms and resists 
all further action of the acid. 

In order to study the matter further, the following alloys were 
prepared, the composition being stated in parts per thousand: 


All. 

Ag. 

Cn. 

625 

375 

— 

500 

600 

— 

333 

667 

— 

250 

750 

— 

453 

277 

270 


The alloys were rolled out to about a tenth of a millimetre in 
thickness, and portions of them were used in the subsequent tests. 

It seemed probable that the best way to effect solution of these 
alloys would be to try and increase the solubility of the silver 
chloride in the liquid ; of the various chlorides which are known 
to dissolve silver chloride, ammonium chloride appeared to be the 
most promising for this purpose. 

To test the point, a gram of each of the above-mentioned alloys 
was placed into a bottle, aqua regia (containing one part of con¬ 
centrated nitric acid and three parts of concentrated hydrochloric 
acid) added, and the bottle placed on a hot asbestos board. The 
action of the acid started almost immediately, but stopped very 
quickly, the surface of the metal being covered with a black coat¬ 
ing. Ammonium chloride was now added to the hot liquid as 
long as it was dissolved. In a very short time, the black coating 
on the metal had completely dissolved, leaving a bright, metallic 
surface in each case. The add now began to attack the metal 
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again, and continued to do so until all had dissolved; no silver 
chloride separated, and a clear, yellow solution was obtained. On 
diluting the solutions with water, copious precipitates of perfectly 
white silver chloride separated. Even pure silver was found to be 
soluble in a mixture of aqua regia and ammonium chloride, 
although the action was not very rapid and the volume of liquid 
required was large in comparison with the amount of metal dis¬ 
solved. It is to be noted that aqua fortis and sal-ammoniac were 
used by the alchemists for dissolving gold. It seems most prob¬ 
able that this mixture was used to dissolve native gold, which 
sometimes contains enough silver to prevent dissolution in aqua 
regia alone. 

The chief objection to the use of aqua regia and ammonium 
chloride seemed to be that the action of the acid was very slow, 
and when much silver was present the volume of the solution 
became large. 

It was noticed that the alloy containing gold 453, silver 277, 
and copper 270 dissolved very easily in a mixture of aqua regia 
and ammonium nitrate, the silver chloride remaining insoluble. 

Alloys of gold and silver only did not dissolve so easily in this 
mixture, but when ammonium chloride was added as well, a most 
marked improvement took place. 

For most alloys, a mixture of 5 grams of ammonium chloride, 
5 grams of ammonium nitrate, and 5 to 10 c.c. of aqua regia was 
found to give quite satisfactory results. 

The amount of metal which can be dissolved depends on the 
amount of silver present. If silver chloride separates, this shows 
that enough ammonium chloride has not been added. If, on the 
other hand, the action becomes slow, more aqua regia may be 
required. 

With 5 grams of each salt and 5 to 10 c.c. of aqua regia, 0*5 
to 1 gram of alloy could be dissolved easily and quickly, the total 
volume of the solution being quite small. 

Considerably more gas is evolved when gold dissolves in the 
presence of ammonium salts than when it is dissolved in aqua 
regia alone; on collecting the gas, it appeared to consist prin¬ 
cipally of nitrogen. The solution of the gold, therefore, does not 
take place in accordance with Priwoznik's equation {Oesterr, 
Zeitsch, Berg.- u. Hiittenw,, 1910, 68, 649), a secondary action 
occurring whereby the ammonium salts become oxidised with 
evolution of nitrogen. 

During the attack of gold-silver alloys by aqua regia in the 
presence of ammonium chloride and nitrate, it often happened 
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that purplish-brown crystals separated in the liquid. When water 
was added, they disappeared, and nothing remained but silver 
chloride. A specially good yield of these crystals was obtained 
when 2 grams of an alloy of the composition Au 625, Ag 375 were 
treated with a mixture consisting of 10 grams of ammonium 
chloride, 3 grams of ammonium nitrate, 5 c.c. of concentrated 
nitric acid, and 15 c.c. of concentrated hydrochloric acid. The 
alloy, in the form of thin sheet, was heated gently in a beaker 
with the above mixture. When all the metal was dissolved, the 
bottom of the beaker was found to be covered with very small, 
purplish-brown crystals. They were instantly decomposed by 
water, with the formation of silver chloride and chloroauric acid, 
but were found to be fairly stable in concentrated hydrochloric 
acid. 

When prepared in this way, it was found difficult to prevent 
the crystals being contaminated with ammonium chloride. The 
following method was therefore devised. 

Preparation of the Salt. —Twenty-five grams of gold were dis¬ 
solved in 50 c.c. of nitric acid and 150 c.c. of hydrochloric acid, 
the liquid being then saturated with about 30--35 grams of 
ammonium chloride. Three grams of silver nitrate dissolved in 
10 c.c. of water were then added, and a copious precipitate of silver 
chloride formed in the liquid. On adding a few crystals of 
ammonium chloride, the silver chloride began at once to change 
into brown crystals. On heating the liquid, the crystals were con¬ 
verted into silver chloride, and, on cooling, again reappeared. 
This change could be repeated any number of times. 

The crystals were allowed to remain in contact with the mother 
liquor for two or three days to ensure all the silver chloride being 
converted into the brown salt. The mother liquor was then 
poured off, saturated wdth ammoniiim chloride, and a further 
amount of silver nitrate added to the solution. A second crop 
of crystals resulted, and these were heated and allowed to cool 
as before. The formation of the salt in a hot solution gives rise 
to larger and better formed crystals than when the preparation is 
made in a cold solution. 

The process was then again repeated, four preparations in all 
being obtained before the gold became exhausted in the mother 
liquor. The crystals were freed from the mother liquor in a 
centrifuge, and afterwards dried at 100®. They were then placed 
in a Soxhlet thimble and extracted wuth ether (distilled from 
sodium) until no more gold was removed. They were afterwards 
heated at 155® in an air-oven for some time, and the remaining 
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traces of ammonium chloride sublimed away. A second treat¬ 
ment with ether followed, after which the crystals were dried and 
analysed. 

Found: Ag = 15*58; Au= 37*99; NH 4 = 6'88; Cl = 39*44. 
3 AgCl,4AuCl3,8NH4Cl requires Ag = 15*62; Au = 38*06; 

NH 4 = 6-97; Cl = 39 35 per cent. 


Crystallographic Examination. 

The crystallographic examination was made by Miss I. E. 
Knaggs in the Mineralogical Laboratory of the University of 
Cambridge under the direction of Dr. A. Hutchinson, for whose 
help and assistance the author wishes to express his gratitude. 

Crystal, System. —Orthorhombic. 

Class. —Holohedral. 

Axial Ratio. — a: b : c = 0*5376 :1: 0*3210. 


Forms Observed.- 

Angle. 

-5(010), 

No. of 
measure¬ 
ments. 

m(n0), e(lOl). 

Limits. 

Mean 

observed. 

Calcu¬ 

lated. 

mB =(010): (110).... 

.. 4 

6U43'~61°45' 

or 44' 

0^44' 

mm'"=(110);(li0).... 

7 

56'*28'—50°36' 

56^32' 

— 

me =(110) : (101)..., 

6 

63®10'—03°11' 

63°101' 

— 

ee' =(101): (101).... 

.. 3 

6U39'—61°45' 

61^42^ 

6U41' 



Jtlabit. —The crystals available for measurement consisted of 
minute prisms sometimes modified by the brachypinakoid (010), 
and terminated at either end by the macrodome (101). Some of 
the preparations consisted of larger crystals showing (110) and 
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(010) in approximately equal development. These had rough ends 
and were not suited for accurate measurement. 

Cleavage ,—None observed. 

Optical Characters .—The crystals were very dark red by reflected 
light, and owing to their intense absorption it was difficult to 
make determinations of their optical characters. Some of the 
smallest and thinnest prisms when mounted so that light traversed 
them along the Y axis were found to be strongly pleochroic, 
absorption being almost complete for rays vibrating parallel to 
the axis of Z, whilst red light was transmitted fairly freely by 
vibrations parallel to the axis of X. When the crystal was rotated 
so that light traversed it along the X axis, strong absorption was 
observed of the ray vibrating parallel to F as well as of that 
vibrating parallel to Z. No characteristic interference figure could 
be observed in convergent light, nor was it possible to determine 
the refractive indices either by the prism methods or by total 
reflection. By the immersion method they were found to be high 
—greater than 1*74. 

Goveenment Laboratory, 

Cairo. [Received, October llth, 1919.] 


XV .—Intramolecular Rearrangement of the Alkyl- 
arylamines: Formation of i-Amino-M-hutylhenzene. 

By Joseph Reilly and Wilfred John Hickinbottom. 

An important reaction of many of the A-substitution products of 
the arylamines is their rearrangement to (7-substitution compounds. 
This change occurs with the majority of the common substituent 
groups, such as halogen, nitro-, nitroso-, sulphonyl, and alkyl. The 
intramolecular change of the chloroarylamines may be explained in 
terms of the variable valency of the nitrogen atom (compare 
Blanksma, Eec. trav. chivi., 1903, 22 , 290; Orton and Jones, Rep. 
Brit. Assoc.f 1910). The formation of ^chloroacetanilide from 
A-chloroacetanilide is accompanied by the formation of an additive 
compound (compare Armstrong, T., 1900, 77 , 1051). The presence 
of a catalyst is necessary in many molecular changes involving the 
migration of a nitroso- or nitro-group, as in the production of 
^3-nitrosoalkylanilines from nitrosoamines and of nitroanilines from 
nitroamines. Whilst the bromo- and chloro-aniline derivatives have 
been thoroughly investigated, as well as the nitroso- and sulphonyl 
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substituted alkylanilines, the intramolecular change of the alkyl- 
arylamines has not been dealt with in such detail. 

The earlier work in the production of aminoalkylbenzenes showed 
that they could be formed either by heating (a) aniline hydro¬ 
chloride and the alcohol, or (b) the alkylaniline hydrochloride, at 
temperatures above 300° (compare Hofmann, Ber., 1872, 6, 729). 
Since methylaniline hydrochloride on heating in a current of hydro¬ 
gen chloride yields methyl chloride, it has been generally assumed 
that a somewhat similar reaction would occur in an autoclave or 
sealed tube on heating the alkylaniline hydrochloride. 

On heating w-butylaniline hydrochloride in a sealed tube, amino- 
n-butylbenzene was the main product. In addition, ammonia, 
aniline, and 4-butylamino-///-butylbenzene were formed, together 
with smaller amounts of more highly butylated products. There 
was also obtained a portion soluble in concentrated hydrochloric 
acid, and precipitated on dilution, which probably contained di- 
phenylamine derivatives. In addition to the hydrochloride, the 
alkylaniline zincichloride and certain other compounds with metallic 
salts also undergo this transformation on heating. The chief 
product resulting from the intramolecular rearrangement of n-butyl- 
aniline is, however, 4-amino-n-butylbenzene. To explain the forma¬ 
tion of this compound from r^-butylaniline it might be supposed 
that the latter decomposes partly to aniline and n-butyl chloride or 
butylene; either of the last two might then be supposed to react 
with aniline. The production of 7?^butyl chloride is probably 
excluded in the case where zinc chloride replaces the hydrochloric 
acid. By heating 7i-butylaniline hydrochloride in a sealed tube or 
in an open flask, a small amount of a gas is obtained, which 
resembles butylene in being unsaturated. It appears possible that 
butylene may result as an intermediate product in the change, By 
heating n-butylaniline hydrochloride under atmospheric pressure a 
certain amount of 4-aminobutylbenz6ne is produced. If butylene 
is formed as an intermediate product, some sec.-butylbenzene 
should be obtained. An examination of the end-products shows 
that amino-s^c.-butylbenzene is present, generally, at the most, 
only in traces. 

The orientation of aminobutylbenzene (I), obtained by the intrar 
molecular rearrangement of fi-butylaniline, was determined by con- 
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verting the purified amino-derivative into bromobutylbenzene (11), 
which, on oxidation with chromic acid, gave p-bromobenzoic acid 
(III). 

It cannot be assumed with certainty that n-butyl alcohol and 
aniline zincichloride will yield a compound containing a n-butyl 
group. An examination of the literature shows that a rearrange¬ 
ment of the alkyl group often occurs when it is introduced into the 
benzene ring. The rearrangement of the 7/-butyl chloride and 
?‘«obutyl chloride in the formation of butylbenzenes by the Friedel 
and Crafts reaction is well established. The rearrangement of alkyl 
groups in the formation of aminoalkylbenzenes also appears to take 
place. Effront {lie.r.^ 1884, 17, 2324), by the action of v^obutyl 
alcohol on o-toluidine hydrochloride, obtained 5-/rrf.-butyl-o-tolu- 
idine, which by the diazo-reaction yielded a phenol identical with 
that obtained by heating /rrf.-butyl chloride, o-cresol, and zinc 
chloride (compare Baur, 1894, 27, 1615). It is also probable 

that by the action of /.sv>butyl alcohol on aniline hydrochloride 
amino-/cr/.-butylbenzene is obtained. The recorded physical con¬ 
stants of the derivatives of 4-aminoi'‘.s*obutylbenzene and 4-ammo* 
^er^.-butylbenzene are j)ractically identical, and doubt must be 
thrown on their existence as two compounds (compare Studer, 
Annalen, 1882, 211, 234; Senkowski, 7icr., 1890, 23, 2412; Mal¬ 
herbe, Ber., 1919, 52, [71], 319). 

It became necessary, therefore, to determine the configuration of 
the butyl group of the primary amine from r/-butyl alcohol and 
aniline. By heating aniline zincichloride with -butyl alcohol an 
amine was obtained, boiling at 240^, or 20° lower than that 
obtained from the normal alcohol, and yielding a different series 
of derivatives. As there was only a small quantity of this amine 
available it was not possible to determine the orientation of the 
butyl groups. Any doubt that the primary amine from «-butyl 
alcohol boiling at 258° was not a normal derivative was removed by 
preparing from it the other two monoamino-coinpounds. A com- 
paiison of the derivatives of the amines thus prepared shows that 
the amine from -butyl alcohol differs from the one from n-butyl 
alcohol in the configuration of the butyl group. 

By the nitration of A-acefyhmibio-n-htttylhenzenej followed by 
hydrolysis, Z-r(\troA<immo-\\-huty}henzejxe (IV) was obtained as a 
red solid of low melting point. The orientation of the nitro-group 
was determined by converting the compound into a diamine, which 
condensed with benzil to yield 2\Z-di^licnyl-^~\\-hutylquinojcalvne 
(XVTII). On eliminating the amino-group from 3-nitro-4-amino- 
butylbenzene, Z-nitro-n-hutylhenzene (V) was obtained as a pale 
yellow oil boiling at 275—277°. 

VOL. oxvn. F 
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Nitration of 4-amiiio-n-butylbenzeiie in the presence of sulphuric 
acid gave 2-nitro-4i-amino-n-hutylhenzene (VII), melting at 52®, 
which by the diazo-reaction yielded 2-nitro-i\-hut7jlbcnzeiie (VIII), a 
yellow oil distilling with some decomposition. Reduction of 2-nitro- 
and 3-nitro-n-butylbenzenes gave primary amines, the derivatives 
of which are distinct from those obtained from the primary amine 
boiling at 240® from 6’cc.-butyl alcohol. It must be concluded, 
therefore, that in the intramolecular transformation of r^-butyl- 
aniline 4-amino-7/-butylbenzene is obtained. 

The following table shows clearly the difference between the 


amines obtained: 

Acetyl compound, 

Benzoyl compound, 

2-Amiiio-n-butylbenzene. 

in. p. 

100'^ 

m. p. 

3-Aniino-n-butylbenzene. 

. Not obtained 

68® 


crystalline. 


4-Amino-w-butylbenzene. 


126° 

4-Amino-^?ec.-butylbenzene ... 

126'^ 

— 


Although -butyl alcohol reacts with aniline zincichloride to yield 
4-amino-r^-butylbenzene, it gives with phenol, in the presence of 
zinc chloride, hydroxy-«cc.-butylbenzene. The constitution of the 
latter compound was shown by its identity with the hydroxy-deriv¬ 
ative obtained from 4“ainino-scc.-butylbenzene (XI) by the aid 
of the diazo-reaction. 



(X.) (XL) (XII.) 
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It has been shown by Mailhe and Godon {Compt. rend., 1918, 
{166, 467) that methylaniline and inethyltoluidine are stable at 
moderately high temperatures, as they may be produced by passing 
a mixture of methyl alcohol and the primary arylamine over a 
suitable catalyst heated to 400°. No intramolecular rearrangement 
is observed when methyl- or ethyl-aniline is passed over heated 
nickel; instead, a decomposition into aniline and methane or 
ethylene occurs (Sabatier and Gaudion, Compt. rend., 1917, 165, 
309). It has been found that n-butylaniline may be heated for 
several hours at 240^—260° without the production of any amino- 
butylbenzeiie. Furthermore, the addition of substances which 
show no tendency to combine with butylaniline, such as calcium 
sulphate, sodium chloride, or silica, does not bring about any migra¬ 
tion of the alkyl group to the nucleus. The formation of 4-amino- 
vi-butylbenzene from /z-butylaiiiline has been observed to take place 
'only when a substance is added which combines with butylaniline. 
Substances such as hydrochloric acid, zinc chloride, cobalt chloride, 
and cadmium chloride have been chiefly employed, and with all 
these salts the additive compounds have been isolated. It appears 
that for intramolecular rearrangement of the alkylarylamines to 
occur, the presence of a substance which is capable of uniting with 
the amino-group is necessary. 

The rearrangement of n-butylaniline cannot be satisfactorily 
explained by,assuming the intermediate formation of either butyl 
chloride or butylene. Orton {loe. cit.) has suggested that amino- 
benzenes and their ^V-substituted derivatives are capable of existing 
as dynamic isomerides. It is possible that the transference of the 
alkyl group to the nucletfs might occur during one of these phases. 
To attempt to explain the intramolecular rearrangement of alkyl¬ 
arylamines, the alkyl groups attached to the aminic nitrogen are 
assumed tentatively to exist in a state of oscillation, following a 
system of vibration which is definite as long as the external condi¬ 
tions remain constant. The calling into play of the residual valency 
of the nitrogen atom will have the effect of introducing more groups 
round the nitrogen atom, with the result that a rearrangement of 
the alkyl groups may occur. The disturbing effect will depend on 
several factors, such as the space occupied by each group, its vibra¬ 
tion path, and also the polarity of the group. The groups already 
attached to the nitrogen will have the effect of hindering the entry 
of another group, corresponding with the space occupied by them. 
They will also tend to be displaced farther away from the nitrogen 
atom according to the hindrance produced by them, and there will 
be a tendency for the alkyl groups to be removed in the order of 
their steric relations to one another. 

E 2 
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Experiments were carried out in order to measure the relative 
ease with which differing alkyl groups were expelled from the alkyl- 
anilines. The earlier measurements were made by heating the 
monomethyl- and* monobutyl-anilines separately in sealed tubes 
under similar conditions, so far as possible, with various substances. 
The results indicate that /z-butylaniline undergoes intramolecular 
change the more readily, but the method is open to several objec¬ 
tions. It was impossible to ensure absolutely identical conditions 
for each substance, such as the same temperature and pressure 
inside each tube. It is also likely that in the formation of the 
additive compounds of the alkylanilines, steric effects may have an 
influence, so that the rearrangement caused in the molecule may be 
counterbalanced to some extent by the steric hindrance due to the 
alkyl group. To overcome these probable sources of error the intra¬ 
molecular rearrangement of dissimilarly substituted tertiary alkyl- 
anilines has been investigated. Methyl-n-butylaniline (XIII) was 
heated in a sealed tube in the presence of hydrogen chloride, zinc 
chloride, or cobalt chloride. The products of the rearrangement 
should then indicate whether the larger alkyl groups are the more 
readily removed. Thus inethyl-7^-butylaniline should yield as a first 
step methylaminobutylbenzene (XYI) or butyltoluidine (XIV), 
according to whether the butyl or the methyl group is the more 
mobile. 
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The constitution of the product was determined by dissolving the 
mixture of amines in dilute hydrochloric acid and adding in slight 
excess a solution of sodium nitrite. The secondary amines Were 
removed as nitrosoamines, which could be converted into solid 
nitro-derivatives. Any diazonium salt in the solution was con¬ 
verted into the corresponding azo-jS-naphthol derivative, which 
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would flerve to identify the primary amine originally present. An 
examination of the products of nitration of the secondary amines 
resulting from the intramolecular rearrangement of methyl-r? butyl- 
aniline indicated that a mixture was present, from which 3:5-di- 
nitro-/?.-butyl-p'toluidine and 2 :4 : 6-triiiitrophenylmethylnitroamine 
were isolated in small quantities. It has not yet been possible to 
determine the complete composition of the mixture. 

The azo-^-naphthnl compounds were reduced, yielding the original 
primary amines pre.sent after intramolecular change had taken 
place. Analytical results showed that these amines were amino- 
methylbutylbenzenes, although in one case p-tolueneazo-jS-naphthol 
was isolated in small amount by recrystallisation of the azo-jS-naph- 
thols. It appears, therefore, that in the reaction both the methyl 
and butyl groups have undergone intramolecular rearrangement, 
and until a method has been elaborated for determining the 
composition of the products it is not possible to determine 
accurately the relative ease wuth which the different alkyl groups 
are removed. 

The elimination of alkyl groups of alkylaniliiies on heating in a 
current of hydrogen chloride was also investigated. The secondary 
amines present in the mixture were isolated as nitrosoamines, and 
these were nitrated in glacial acetic acid by means of fuming nitric 
acid and converted into the corresponding trinitrophenylalkylnitro- 
amines. It was found that methyl-/?-butylaniline yielded a mixture 
of secondary amines, and 2 : 4 : 6-trinitrophenylmethylnitroamine 
was isolated from the mixture of nitroamines. The melting point 
of the nitration product was lower than either that of trinitro- 
phenylmethylnitroamine or the corresponding butyl derivative, and 
was probably a niixture containing these two compounds. 

In experiments on the elimination of alkyl groups from dissimi¬ 
larly substituted alkylarylamines it is essential to use a pure tertiary 
amine, unraixed wuth any secondary amine. The methyl n-butyl- 
aniline employed was purified by fractionation, followed by heating 
it with phenylcarbimide. The boiling point of the amine obtained 
in this way differed considerably from that recorded by Komatsu 
{Mem, Coll. Sci. and Eng. Kyoto Imp. Univ.y 1912, 3, 371), who 
also prepared this amine. He records the boiling point as 225—230°, 
and states that it yields a picrate melting at 143°. Methyl-^.-butyl- 
aniline, purified in the manner indicated above, boils at 242‘5° and 
yields a picrate melting at 90°. The melting point of the picrate 
is thus brought into agreement with those of other tertiary butyl- 
anilines. 

By increasing the size of the alkyl group in alkylbutylanilines the 
melting point of the picrate is raised. The following table shows 
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the effect of displacing the methyl group in methylbutylaniline by 
larger groups. 

Methyl-//-butylaniline boils at 242*5®. The picrate melts at 90®. 

Ethyl-//-butylaniline „ 248®. ,, „ ,, 100®. 

Di-r/-butylaniline ,, 260—263®. ,, „ ,, 125®. 

The nitration of tertiary alkylanilines was also studied. On 
nitrating methylbutylaniline under vigorous conditions, the princi¬ 
pal product is 2 :4 :6-trinitrophenylmethylnitroamine, showing that 
the larger group has been eliminated. Meldola and Hollely (T., 
1915, 107, 610) have found that in the nitration of acetylated 
rf<?-dialkylphenylenediamines a similar action occurs, the larger 
groups being removed in the nitration, in preference to the smaller 
groups. 

On nitrating ethyl-zz-butylaniline both trinitrophenylethylnitro- 
amine and trinitrophenyl-? 2 -butylnitroamine are produced. The 
difference in the relative proportions of the two products of the 
nitration appears to be less than in the case of methyl-//-butyl- 
aniline. 

Trinitrophenylmethylnitroaniine is also obtained on nitrating 
dimethylaniline under vigorous conditions. Toward the end of the 
operation there is the usual vigorous effervescence due to the elimina¬ 
tion of the methyl group as carbon dioxide. In nitrating di-//- 
butylaniline under similar conditions there is practically no effer¬ 
vescence, and from the mixture after nitration a volatile fatty acid 
was isolated, which was identified as //-butyric acid by means of its 
distillation constant. 


Experimental. 

The Am 'mo-derivntive of n-JhUylhenzene: A-Aviino-n-hnfyT 

henzene. 

In the preparation of 4-amino-r/-butylbenzene,//-butyl alcohol was 
allowed to react with aniline in the ])resence of a suitable conden¬ 
sing agent, such as zinc chloride. Approximately molecular quanti¬ 
ties of aniline and dry //.-butyl alcohol were mixed with fused zino 
chloride (0*5 mol.), and the mixture was heated in an electrically 
wound autoclave for twenty-four hours at 230—240®. The product 
was washed first with water to remove uncombined zinc chloride and 
finally with ether or light petroleum (b. p. 80—100®). In this way 
secondary amines and other by-products were removed, leaving 
behind the zincichlorides of the primary amines, from which a 
mixture of these amino-compounds was obtained by treatment with 
warm concentrated sodium hydroxide solution. Fractionation of 
the mixture of bases yielded 4-amino-/?.-butylbenzene. By using 
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amounts of zinc chloride less than the molecular proportion—even 
as low as one-seventh of the amount quoted above—4-amino-7i-butyl" 
benzene was still produced, but the yield was not so good. 

The hydrochloride is precipitated on adding an excess of concen¬ 
trated hydrochloric acid to an aqueous suspension of the base. It 
is readily soluble in water or alcohol, but only sparingly so in an 
excess of hydrochloric acid: 

0*1063 gave 6*9 c.c. Ng at 21° and 751 mm. N = 7*5.* 

0*1420 „ 0*1093 AgCl. Cl = 19*0. 

CjqHj^NjHCI requires N = 7*5; C1 = 19T per cent. 

The hydrohromlde crystallises from aqueous solution containing 
free hydrobromic acid in large, white plates. It is readily soluble 
in water or alcohol: 

0*0785 gave 0*0654 AgBr. Br = 34*6. 

CjQHjr,N,HBr requires Br = 34*7 per cent. 

The sulphate crystallises from moist ether in a felted mass of 
white crystals. It is sparingly soluble in water : 

0*1002 gave 6*1 c.c. N 2 at 20° and 737 mm. N = 6*9. 

0*3502 „ 0*2058 BaSO^. H 2 S 04 = 24*7. 

(Cj(,Hj 5 N) 2 ,H 2 S 04 requires N = 7-l; HgSO^ —24*7 per cent. 

From warm alcohol it separated as a mass of colourless crystals 
which under the microscope had the appearance of interlaced laths. 

The plat Ini chloride is a pale brownish-yellow powder, sparingly 
soluble in water, and more readily so in alcohol. It crystallises from 
absolute methyl alcohol in small needles melting and decomposing 
at 200—202° 

0*1203 gave 0 0330 Ft. Ft = 27*4. 

(Cj(,Hjr,N) 2 ,HoFtCl<. requires Ft = 27*6 per cent. 

The acetyl derivative, obtained from 4-amino-7z-butylbenzene by 
the action of acetic anhydride, crystallises from alcohol in white 
plates melting at 105°: 

0-1426 gave 8*8 c.c. No at 17° and 755 mm. N = 7*3. 

CjoH^yON requires N = 7*3 per cent. 

The benzoyl derivative, obtained by the Schotten-Baumann reac¬ 
tion, crystallises from alcohol in bulky groups of fine needles melting 
at 126°:^ 

0-1015 gave 4*65 c.c. N 2 at 17° and 748 mm. N = 5*3. 

CjyHjflON requires N = 5*5 per cent. 

* In the nitrogen estimations recorded in this paper, the gas was measured 
over 40 per cent, potassium hydroxide solution, cmd the pressure has been 
corrected for vapour tension. 
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otrPhenyl-^^-n-hufylphenylcarhainide, C 4 H 9 *C( 5 H 4 *NH*CO*NHPh. 

4-Ainino-w-biitylbenzene was treated with a solution of one mole¬ 
cular proportion of phenyl carbimide dissolved in light petroleum 
(b. p. 6D—80°), and after remaining at the ordinary temperature 
for two or three hours the precipitate was collected, washed several 
times with small quantities of light petroleum, and dried : 

0*1002 gave 0*2790 COg and 0*0678 Rp. C-75*9; H = 7*5. 

0*1012 „ 9*1 c.c. No at 20° and 757 mm. N = 10’5. ♦ 

Ci 7 H 2 oON 2 requires C-76*l; H = 7*5; N-10*4 per cent. 

It crystallises from aqueous alcohol in bulky masses of small, 
white needles melting at 160°. It is soluble in ether, acetone, 
ethyl acetate, or glacial acetic acid, but sparingly so in water or 
light petroleum. 

A-Bromo-n-huti/lhenzme. 

The orientation of the butyl group was determined by converting 
the amino-n-butylbenzene into a derivative that cx:)uld yield a sub¬ 
stituted benzoic acid by oxidation. For this purpose the amino- 
group was displaced by bromine by the Sandmeyer reaction. 
4-Amino-n-butylbenzene was dissolved in three molecular propor¬ 
tions of hydrobromic acid and diazotised by the addition of sodium 
nitrite solution. On adding a solution of cuprous bromide in hydro- 
bromic acid, followed by distillation in a current of steam, 4-6romo- 
n-hutylhenzene was obtained as a pale yellow oil of pleasant, ethereal 
odour, denser than water, and boiling at 242—243°/755 mm.: 

0*0853 gave 0*1762 CO^ and 0*0460 HgO. C-56*4; H = 6*0. 

CjoHjgBr requires C = 56*3; H = 6‘l per cent. 

That the bromo- and alkyl groups are in the para-position follows 
from the production of 77 -bromobenzoic acid by oxidation. Half a 
gram was heated in a sealed tube with 12 c.c. of a 6 per cent, solu¬ 
tion of chromic acid for seven hours at 150—200°. There was 
practically no pressure on opening the tube, which contained a 
green, amorphous mass together with tarry matter and some white, 
glistening, needle-shaped crystals. The contents of the tube were 
rendered alkaline, and after removing the suspended matter, a grey 
solid was precipitated on adding dilute sulphuric acid. It was puri¬ 
fied by dissolving in sodium carbonate solution, and any traces of 
volatile bromo-compounds were removed by means of a current of 
steam. The addition of dilute hydrochloric acid precipitated a 
white solid which crystallised from, ether in small needles melting 
at 250°. This melting point is almost identical with that recorded 
for p-bromobenzoic acid (251'^), and is considerably higher thai^ 
tlioso of the other two monobrompbonzoic acids. 
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DiazoaminoA-n-hutylhenzene, 

The base (1 mol.) was dissolved in glacial acetic acid (3 mols.) 
and the solution diluted. On adding sodium nitrite solution, a 
yellow, semi-solid mass separated which quickly became hard. The 
diazoaminoA-\i~huiylhenzene was collected and, after washing 
several times with water to remove any traces of nitrous acid, 
crystallised from light petroleum, from which it separated in masses 
of slender, sulphur-yellow needles melting at 75°: 

0-0743 gave 9 0 c.c. at 24° and 742*5 mm. N = 13-7. 

C 20 H 27 N 3 requires N —13*6 per cent. 

When exposed to the light it darkened slowly. 

A-ii-Biitylhenzeiieazo-^-tiaphthol. 

A solution of the hydrochloride of the base was diazotised and, 
after removing the excess of nitrous acid by means of carbamide, it 
was poured into an alkaline solution of jS-naphthol. The red azo¬ 
compound crystallised from hot alcohol in bright red bunches of 
slender needles melting at 80°: 

0*1088 gave 9*8 c c. at 15*3° and 741 nun. N = 9*4. 

CooI^o^Nq requires N —9*2 per cent. 

^~Xi-Buiylhenze)ienzo-^-nnphihol is insoluble in a 30 per cent, 
solution of potassium hydroxide. It dissolves in concentrated sul¬ 
phuric acid with the production of a brilliant purple colour, which 
gives place to a faint brown coloration on dilution. 

4 - 11 - 2 ^ u fylheme.neazoph< nyl-^-naph thylamin e. 

This derivative was prepared by adding a diazotised solution of 
4-amino-?^-butyIbenzene, freed from excess of nitrous acid, to one 
molecular proportion of phenyl-jS-iiaphthylamine dissolved in acetic 
acid. An excess of sodium acetate was then added, and the red 
product was allowed to remain at the ordinary temperature for two 
to three hours, with occasional stirring. Water was added to com¬ 
plete the precipitation of the azo-compound, which was collected 
and purified after being washed with warm water: 

0*1080 gave 10*2 c.c. N 2 at 17° and 750 mm. N — lTl. 

C 26 H 25 N 3 requires N — lTl per cent. 

It is readily soluble in chloroform, benzene, or ether. In the 
presence of a small amount of ether the azo compound dissolves in 
concentrated hydrochloric acid to yield an intense purplish-blue 
solution. After some time the colour disappears with the produc¬ 
tion of a dark precipitate which becomes red after keeping for a 

F* 
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further period. Concentrated sulphuric acid dissolves it with the 
production of an intense dark blue coloration, becoming red on 
dilution. 


4i-n-Butylhenzeneazohenzoylacetone, 

A diazotised solution of 4-amino-ri-butylbenzene (1 mol.), freed 
from nitrous acid by means of carbamide, was added to an alcoholic 
solution of benzoylacetone (1 mol.). The addition of sodium acetate 
produced a bright yellow turbidity, from which a dark-coloured oil 
separated. On keeping overnight in the ice-chest the oil solidified 
to a mass of dark yellow crystals which were collected, dried on a 
porous plate, and recrystallised. The compound separated from 
ether in stellate groups of yellow crystals melting at 97—100°: 

0T588 gave 12*2 c.c. N 2 at 18° and 747 mm. N = 8*9. 

C 20 H 22 O 2 N 2 requires N = 8‘7 per cent. 

The substance is soluble in alcohol or ether, and dissolves in sul¬ 
phuric acid with the production of a brown colour, giving place 
to a yellow opalescence on dilution. Sulphuric acid containing a 
small amount of dissolved chromic acid also produces a similar 
coloration. 


^-n-BxUylhcnze.neazo-2 : T-(lihydroxy7iaphihalene. 

This compound was obtained as a dark red powder on adding a 
solution of the diazotised amine to an alcoholic solution of 2 :7-di- 
hydroxynaphthalene in the presence of an excess of sodium acetate. 
It was purified by washing with a dilute aqueous solution of sodium 
hydroxide, followed by extraction with chloroform. It crystallised 
from hot glacial acetic acid in small, bronze-coloured crystals melt¬ 
ing at 200—201°: 

0T588 gave 12*2 c.c. N 2 at 18° and 747 mm. N = 8*9. 

C 20 H 20 O 2 N 2 requires N = 8‘7 per cent. 


4i-Hydro xy-n~ h u tyl benzene, 

4-Amino-/^-butylbenzene (9 grams) was added to an aqueous solu¬ 
tion containing sulphuric acid in excess (five molecular proportions), 
and, after cooling, diazotised by the addition of sodium nitrite. 
The mixture was stirred continuously, when the suspended sulphate 
gradually passed into solution. The solution was filtered to remove 
any unchanged sulphate, treated with a large excess of concentrated 
sulphuric acid, and subsequently distilled in a current of steam. 

. ^-Hydroxy-n-huiylhenzene passed over as a pale yellow oil, and was 
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obtained pure by distillation. It is an almost colourless oil, possess¬ 
ing a faint phenolic odour, and boiling at 248^/765 mm.: 

0*0818 gave 0*2387 CO 2 and 0*0686 H.O. C = 79*6; 11 = 9*3. 
CjoHj 40 requires 0=79*95; H = 9*4 per cent. 


4 -n-Buti/l'ph enyl Ph e nyl ca rha m atCy C 4 II 5 , • 114 • 0 • CO * N HPh. 

4-Hydroxy-/?-butylbenzene was heated on the water-bath with 
slightly more than one molecular proportion of phenylcarbimide. 
On cooling, the solid mass was passed on a porous tile and crystal¬ 
lised from alcohol, from which it separated in white needles melting 
at 115°: 

0*1059 gave 4*7 c.c. No at 20^ and 744 mm. N = 5 0. 

CJ 7 H 39 O 2 N requires N=-5*2 per cent. 

2-i\ ? i ro-4 -njn In o -11 - h u tylhe)i ze // e . 

4-Amino-//-butylbenzene was dissolved in two hundred times its 
weight of concentrated sulphuric acid and, after cooling to —5°, 
the calculated amount of nitric acid (1 mol.), dissolved in three 
times its weight of sulphuric acid, was added gradually. During 
the addition of the acid the mixture was continually stirred, and 
the temperature not allowed to rise above 5°. After eighteen hours 
the mixture was poured into ice-water, when a sparingly soluble 
sulphate was precipitated, which was collected and decomposed by 
the addition of aqueous ammonia. In this way a brown, crystal¬ 
line solid was obtained consisting of 'l-nitroA-amino-i\-hittt/lhenzene. 
A further quantity was isolated by treating the acid filtrate with 
aqueous ammonia and extracting the solution with ether. It was 
obtained pure hy dissolving it in aqueous methyl alcohol, and pre¬ 
cipitating with water, followed by recrystallisation from warm 
light petroleum (b. p. 80—100®). It forms golden-yellow scales, 
readily soluble in ether and melting at 52®: 

0*0739 gave 9*3 c.c. No at 17*5® and 735 mm. N = 14*5. 

Ci(,Hi 402 N 2 requires N = 14*4 per cent. 

No evidence was obtained of the existence of the other isomeride. 

The hydrochloride was obtained as a white precipitate by adding 
hydrochloric acid to an ethereal solution of the base and evaporat- 

* The nitration of w-butyl-p-toluidine has been previously described as 
yielding 2-nitro-n-butyl-p-toluidine as a red oil (T., 1918, 113, 988). On 
keeping over the winter it solidified to a mass of bright red crystals melting 
at 18—19®. By converting the substance into its hydrochloride, crystallising 
from alcohol, and decomposing with aqueous ammonia, 2-nitro-n-butyl-p- 
toluidine was obtained in large, rectangular, rod plates which melted at 19°. 

2 
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ing the ether. It crystallises from warm absolute methyl alcohol in 
masses of slender, colourless needles. On heating, the colour 
changes to yellow. A specimen melted at 190—195® after immer¬ 
sion in the bath at 150®, a rapid darkening in colour taking place 
at 185—190®: 

0-1017 gave 0-0638 AgCl. 01 = 15*5. 

CjoHi 40 ,N 2 ,HC 1 requires 01=^15-4 per cent. 

The sulphate is sparingly soluble in dilute sulphuric acid. It 
crystallises from warm alcohol containing some sulphuric acid in 
small, white plates which are hydrolysed by water : 

0-0811 gave 6*35 c.c. No at 13*2® and 761 mm. N=:9-4. 

C 52 H,i 603 No,H 2 S 04 requires N=:9-6 per cent. 

2-N'i tro-n-hufylhenzen e . 

2-Nitro*4-aminobutylbenzene (2*5 grams) was diazotised in 
aqueous alcoholic solution in the presence of sulphuric acid, a small 
amount of insoluble matter was removed, and the diazo-group was 
eliminated by heating with an excess of alcohol, when 2-nitro-n-' 
hutylhemene was obtained. It is a pale yellow oil possessing a 
characteristically pleasant odour. It is readily volatile in steam, 
and apparently so in alcohol vapour, for on removing the alcohol 
by distillation after eliminating the diazo-group, appreciable 
amounts of the nitro-compound were obtained in the alcoholic 
distillate. 

It distils with some decomposition at about 260® under the 
ordinary pressure: 

0-0814 gave 5-4 c.c. N 2 at 20® and 746 mm. N = 7*6. 

CJ 0 H 13 O 2 N requires N = 7'8 per cent. 

2-A mino-n-hutylhenzene. 

Reduction of the nitro-compound was effected by means of zinc 
dust or tin foil and hydrochloric acid. The amine was isolated by 
extraction with ether after rendering the acid liquid alkaline. 
2-Amino~i\-hutylhenzene is a yellow oil, possessing a rather un¬ 
pleasant odour recalling that of aniline: 

0'0746 gave 5*9 c.c. N 2 at 16® and 750 mm. N = 9-3. 

C 10 IIJ 5 N requires N = 9-4 per cent. 

The acetyl derivative crystallises from warm aqueous methyl 
alcohol in masses of small, white needles melting at 100 ® : 

^ 0-0819 gave 5-5 c.c. N 2 at 20-5® and 749 mm. N=7'7. 

C 12 H 17 ON requires N = 7'3 per cent. 

The melting point of this compound is very close to that of 
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4 -aoetylainino-n-butylbenzene. It was shown to be distinct from 
that substance, for a mixture of these acetyl derivatives commenced 
to melt at 75° and had completely melted at 85°. 

tro-^.-amino-n-hutylhenzene. 

The most convenient method of obtaining this compound in a 
pure state was to nitrate 4-acety]amino-/z-butylbenzene by means of 
fuming nitric acid, afterwards eliminating the acetyl group. 

'd-Nitro-^-acctylainhw -n - hutylhenzene,- —The acetyl compound 
(2 grams) was dissolved in 20 c.c. of glacial acetic acid, the solution 
cooled to —5°, and 15 grams of nitric acid (D 1*5) were added 
slowly, so that the temperature did not rise above 5°. After an 
hour the mixture was poured into ice-water, and the yellow precipi¬ 
tate collected. The nitro-compound is soluble in most of the common 
organic solvents except light petroleum, and crystallises very readily 
from hot alcohol in slender, canary-yellow needles melting at 76°: 

0’0649 gave 6 8 c.c. at 20 ° and 746 6 mm. N = 12 - 0 . 

^ 12 ^ 110 ^ 3^2 requires N:=1T9 per cent. 

Titration with T/tanaus Chloride. —0‘01522 required 16'6 c.c. 
TiClg (1 c.c .-0 001297 gram Fe). Calc, as 100-4 per 

cent. 

On triturating it in a mortar with a 50 per cent, solution of 
potassium hydroxide the colour changed from ])ale yellow to deep 
brown. After remaining for some time there was still a considerable 
amount of the unchanged acetyl derivative together with some 
Z-mtro-Ai-am(no-n-hutylhenzene. The latter compound was obtained 
more conveniently by hydrolysis with alcoholic hydrogen chloride. 
To the iiitroacetyl compound dissolved in ten times its weight of 
alcohol, an amount of hydrochloric acid, insufficient to precipitate 
the nitro-compound, was added, and the mixture was heated under 
reflux until, on pouring into dilute hydrochloric acid, no precipitate 
was obtained. On evaporation, 3 -iiitro- 4 -amino- 7 /.-butylbenzene was 
left as a reddish-brown oil, which solidified in the ice-chest to a mass 
of reddish-yellow needles melting at about 13°. The substance was 
purified by converting it into the hydrochloride, and decomposing 
this with water or dilute ammonia : 

0*0880 gave ITO c.c. No at 18'5° and 745 mm. N = 14*4. 

C 1 DH 14 O 2 N 2 requires N —14'4 per cent. 

Titration with Titanous Chloride. —0*01038 required 13'3 c.c. 
TiClg (1 c.c. =0*001344 gram Fe). Calc, as CioHj 402 N 2 = 100*8 per 
cent. I 

The hydrochloride crystallises from a mixture of alcohol and ether 
in flat, shining plates. It is readily hydrolysed by water. 
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Reduction of the base by adding zinc dust to a warm solution 
in hydrochloric acid gave ^-n-butyl-o-phenylenediamine as a viscous 
oil which is very readily oxidised on exposure to the air. On this 
account it was not isolated in a pure state for analysis, and the 
condensation product with beiizil was prepared from its solution. 

3-Nitro-4-aminO‘7/-butylbenzene (1*4 grams) was dissolved in an 
excess of 50 per cent, aqueous acetic acid, and after raising the 
solution to the boiling point small quantities of zinc dust were added 
until the reduction was complete. Beiizil (1*5 grams), dissolved in 
warm sodium hydrogen sulphite solution, was added and the mix¬ 
ture boiled for live minutes. A reddish-brown oil was produced, 
which on cooling settled to the bottom of the flask as a semi-solid 
mass. It was collected and, after pressing on a porous tile, crystal¬ 
lised from hot methyl alcohol. Pale yellow, flocculent masses of 
small crystals were obtained on rapid cooling and small, pale yellow 
needles, melting at 82°, by slow cooling. By spontaneous evapora¬ 
tion of an ethereal solution, large, well-defined groups of needle- 
shaped crystals separated : 

0*0988 gave 6*8 c.c. No at 15*0° and 768 mm. N —8*3. 

C24H20N2 requires N — 8 3 per cent. 

2 :3-7)iphe/nyl-6-n-hvfyIqiiino,r(iIi7ie (XVJTI) is readily soluble in 
chloroform. It dissolves in cold, concentrated sulphuric acid with 
the production of an orange colour, which on dilution gives place 
to a white turbidity. It is also soluble in a large excess of concen¬ 
trated hydrochloric acid, giving a yellow solution. 


3-Nitro~ii-hii tylh enzene . 

3-Nitro-4-amino-7?-butylbenzene was dissolved in hydrochloric acid 
(2*5 mols.) mixed with an equal volume of alcohol, and the solution 
cooled to —5°. A slight excess of sodium nitrite solution was 
added, and after about an hour some red, resinous matter was 
filtered off and the filtrate heated with an excess of ethyl alcohol 
under reflux for two hours. The alcohol was evaporated on the 
water-bath, and the volatile nitro-compound removed from the 
residue by distillation in a current of steam. Z-Nitro-n-hntyJhenzene 
was obtained as a yellow liquid having a pleasant odour: 

0*0766 gave 5*4 c.c. N2 at 20° and 747 mm. N = 81. 

CjoHjgOoN requires N = 7*8 per cent. 

The compound distils at 275°/752 mm. with no appreciable 
decomposition. It is apparently volatile to some extent in alcohol 
vapour, for on removing the excess of alcohol from the product of 
the diazo-reaction some of it was obtained in the distillate. It is 
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miscible with chloroform, nitrobenzene, pyridine, or light 
petroleum. 

^-Arnino-n-hutylhenzene. 

To the nitro-compound suspended in concentrated hydrochloric 
acid, small pieces of tin foil were added from time to time until the 
reduction was complete. The tin in solution was removed as sul¬ 
phide, and after rendering the liquid alkaline with sodium hydr¬ 
oxide solution, the amine was removed by extraction with ether. It 
was further purified by distillation in a current of steam. 

Z-A m 'lno-Vi-huiylhenzent is a pale yellow oil, lighter than water, 
and possesses a faint, agreeable odour: 

0T454 gave 12*5 c.c. N2 at 25^ and 727 mm. N = 9*6. 

C10H15N requires N = 9‘4 per cent. 

The addition of an excess of warm concentrated hydrochloric acid 
yielded the hydrochloride as an oil which solidified on cooling to an 
interlaced mass of small, flattened, jagged needles. 

The acetyl compound was obtained as an oil, which slowly 
hardened to a vitreous mass on keeping it in a desiccator: 

0*0744 gave 4*9 c.c. N2 at 25^ and 745 mm. N = 7*4. 

C12H17ON requires N = 7*3 per cent. 

The henzoyl derivative, prepared by the Schotten-Baumann reac¬ 
tion, separates from alcohol in small, white, needle-shaped crystals, 
which melt at 68^: 

0*1610 gave 7*8 c.c. No at 17^ and 748 mm. N~5*7. 

CjyHjgON requires N~5'5 per cent. 

4-*l mi?w-sec.-butylhenzene. 

To show that no intramolecular rearrangement of the butyl group 
had occurred when 7? -butyl alcohol and aniline zincichloride inter¬ 
acted, the corresponding amine was prepared from sec.-hutyl alco¬ 
hol, which was obtained from 7?-butyl alcohol through the inter¬ 
mediate formation of butylene. In the presence of sulphuric acid, 
butylene yielded ^ec.-butyl alcohol, which was obtained pure by 
repeated fractionation. It boiled at 99*6—99*9®. 

Aniline zincichloride was heated with one molecular proportion 
of 5cc.-butyl alcohol in an autoclave at 180° for sixty hours, the 
product being treated in exactly the same way as described above 
when w-butyl alcohol was used. The mixture of primary amines 
from the zincichloride was fractionated, and yielded, among other 
distillates, a fraction boiling between 230° and 250°. On redistil¬ 
ling this portion several times a primary amine was obtained boiling 
at 238°/762 mm. From the mixture of secondary amines soluble 
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in light petroleum, a primary amine was isolated by means of its 
sulphate, boiling at 238° and identical with the amine obtained from 
the mixture of primary bases: 

0*1909 gave 16*0 c.c. No at 19*5° and 740 mm. N = 9*6, 
requires N = 9*4 per cent. 

A-AminO'&ec.-hutijlhenzene, on keeping, slowly changes in colour 
from very pale yellow to dark red. The diazonium salt gives a red 
azo-compound with )8-naphthol in alkaline solution. With bleaching 
powder solution the amine gave no coloration. The addition of 
a solution of chromic acid in concentrated sulphuric acid pro¬ 
duced a dirty green coloration, changing through purple to wine- 
red on dilution. Nitric acid added in small amount to the sulphate 
of the amine suspended in concentrated sulphuric acid coloured the 
solid .matter purple, and the solution yellowish-brown. 

The hydrochloride is precipitated from aqueous solution on the 
addition of an excess of hydrochloric acid: 

0*0987 gave 0*0750 AgCl. Cl = 18*8. 

CjoHyr,N,HCl requires Cl = 19*1 per cent. 

The sulphate is sparingly soluble in cold water, but more readily 
so in hot water, from which it separates in masses of white crystals. 

The acetyl derivative crystallises from aqueous alcohol in lustrous, 
white plates melting at 125—126°: 

0*1540 gave 10*0 c.c. N2 at 19° and 744 mm. N = 7*5. 

Ci 2 Hj 70N requires N = 7*3 per cent. 

It is soluble in acetone, ether, or ethyl acetate, and sparingly so 
in water. No coloration is obtained by the addition of a solution 
of chromic acid in concentrated sulphuric acid. 

With fuming nitric acid in glacial acetic acid solution it yields a 
yellow, crystalline m^ro-derivative. 


OrFh enyl-^A~sec. - hutylph enylcarh amide ^ 
CHMeEt-CoH^-NH-CO-NHPh. 

This derivative is prepared by the addition of phenylcarbim^de to 
4-amino-sec.-butylbenzene. It crystallises from aqueous alcohol in 
silky needles melting at 144°: 

0*0730 gave 6*5 c.c. N2 at 14° and 756 mm. N = 10*6. 

C17H20ON2 requires N = 10*4 per cent. 

It is soluble in ether, acetone, or toluene, but only sparingly so 
in light petroleum (b. p. 60—80°). 

In addition to amino-^rec.-butylbenzene, other amines were 
obtained from the product of the action of heat on the mixture of 
«ec.-butyl alcohol and aniline rincichloride. At 270—280° a fraction 
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was obtained consisting mainly of a primary amine, which on 
further purification boiled mainly between 274° and 278°. This 
consisted apparently of aminodi-^^c.-butylbenzene. A small quan¬ 
tity of a residue of a still higher boiling point was obtained, but it 
was not further investigated. The fractions of lower boiling points 
contained a considerable amount of a secondary amine, which was 
freed from the greater part of the primary amine by treatment with 
dilute sulphuric acid. In this manner a fraction was obtained boil¬ 
ing at 225—235° consisting chiefly of src.-butylaniline, which was 
obtained in a pure state by the action of -butyl chloride on 
aniline. Aniline (1 mol.) was heated under a reflux condenser with 
-butyl chloride (T5 raols.); this contained a small amount of 
dissolved iodine, and was added gradually over a period extending 
over twenty-four hours. The purplish-blue product was rendered 
alkaline, and from the ethereal extract the ^e^c.-hutylaniline was 
precipitated as the zincichloride, the base being purified by distilla¬ 
tion. It distilled at 224—225°/765 mm. as an almost colourless 
oil which had a pleasant, floral odour distinct from that of the 
corresponding n-butyl derivative: 

0*0928 gave 0-2732 CO^ and 0*0866 HoO. C = 80*3; H = 10*4. 

0*0835 „ 6*7 c.c. N2 at 14° and 756 mm. N = 9*5. 

requires C~80*5; H —10*1; N = 9*4 per cent. 

It is miscible with most of the common organic solvents. The 
addition of a solution of chromic acid in concentrated sulphuric acid 
led to the production of no characteristic coloration. On adding a 
small quantity of nitric acid to a .solution of the amine in concen¬ 
trated sulphuric acid a reddish-brown coloration was observed. 

The hydrochloride was obtained as a hard, crystalline mass by 
saturating a benzene solution of ,scc.-butylaniline with dry hydrogen 
chloride: 

0*1324 gave 0*1030 AgCl. Cl-19*2. 

CjoHj 5N,HC1 requires Cl =: 19*1 per cent. 

It crystallises from warm benzene in hard nodules, which in bulk 
are grey. It is very readily soluble in water. 

By the action of nitrous acid on the solution of the hydrochloride 
j)h€nyI-^QC.d)utylnitrofion7nine was obtained as a pale yellow oil, 
possessing an agreeable odour. It is volatile in steam: 

0*0924 gave 12*6 c.c. at 18*7° and 753 mm. N = 15*9. 
C10H14ON2 requires N=15'7 per cent. 

p-^ec.-Bufyl phenol. 

On diazotising amino-,‘?^c.-butylaniline sulphate and boiling the 
solution^ nitrogen was evolved, and the liquid assumed a reddish- 
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brown colour due to the production of p-«e(?.-butylphenol. It was 
purified by distillation in a current of steam, followed by fractiona¬ 
tion. 

At 238® ^ec.-butylphenol passed over as a pale oil, solidifying 
to a mass of Jong, hair-like, white needles, melting at 59®. The 
melting point was not altered after two crystallisations from light 
petroleum. (Estreicher, ifer., 1900, 33, 436, gives m. p. 63—54®, 
b. p. 239*5—240*5®/750*6 mm.) The substance is very readily 
soluble in alcohol or ether, and, when treated with a dilute solution 
of chromic acid in concentrated sulphuric acid, gives no character¬ 
istic coloration, other than the production of a transient red tint. 
Ferric chloride also gives no coloration. (Found : C = 79*9; H = 9*9. 
C10H14O requires C = 79*95; H = 9*4 per cent.) It is miscible with 
most of the common organic solvents. This compound was also 
obtained, probably in an impure state, by the action of ri-butyl 
alcohol on phenol. In this reaction a rearrangement of the alkyl 
group occurs. 

The boiling point of the phenol agrees with that of the substance 
prepared by the diazo-reaction. It was not, however, obtained 
crystalline, nor were any crystalline derivatives prepared from it. 
Ir seems probable that ^-^ec.-butylphenol is not the only product 
of the interaction between w-butyl alcohol and phenol in the 
presence of zinc chloride. 

Phenol (100 grams) was heated with fused zinc chloride (240 
grams) and /^-butyl alcohol (80 grams) for twelve hours. On cool¬ 
ing, the mixture had separated into two layers. The addition of 
water dissolved the lower layer consisting mainly of zinc chloride, 
whilst the dark-coloured oil was removed. It consisted chiefly of 
7?-#fc.-butylphenol, together with some ethers which were removed 
by dissolving the phenol in sodium hydroxide solution. On distilla¬ 
tion the main fraction was collected between 235® and 245® as a 
colourless oil of agreeable odour. Further fractionation gave a 
colourless, viscous oil distilling at 237—240®. 

On the addition of a diazotised solution of jS-naphthylamine to a 
solution of the phenol in dilute potassium hydroxide solution, a 
brown liquid was obtained, from which a reddish-brown azo-com¬ 
pound was isolated on rendering acid and extracting with solvents. 
It was not, however, obtained in a pure state. 

The acetyl derivative, prepared by heating 5 grams of -butyl- 
phenol with an excess of fused sodium acetate and 10 grams of 
acetic anhydride for three hours, was obtained as a colourless oil 
boiling at 244—246®/760 mm, (Estreicher, loe, cit.j gives 255*5®/ 
743'9 mm.). 
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The hemoyl derivative, obtained by the Schotten-Baumann 
method, is an almost colourless, viscous oil: 

0-0686 gave 0*2023 and 0*0430 HgO. C = 80*4H = 7*0. 

CjjHjgOo requires C=80*3; H = 7'l per cent. 

By nitrating crude //-scri.-butylphenol with concentrated nitric 
acid, mixtures of mono- and dinitro-derivatives were obtained. A 
better yield of the former was obtained by using dilute nitric acid. 

-Butylphenol (2*5 grams) was added to nitric acid (6 grams : 
D 1*5) and water (9 grains), the mixture being cooled in a stream 
of cold water. After sixteen hours the supernatant layer of acid 
was poured off and the residual oil distilled in a current of steam. 

Nitro-^-^^c.-hutylj)}ienol was obtained in this way as a red oil, 
which was purified by distillation under diminished pressure, when 
it distilled at 196—200^/80 mm.: 

0*1452 gave 9*0 c.c. No at 16° and 741 mm. N = 7‘2. 

requires N = 7*2 per cent. 

The addition of aqueous ammonia precipitated the ammonmm 
salt, and solutions of sodium and potassium hydroxides precipitated 
the corresponding alkali salts. 

Read ion wiih Ph enyl carhim id e, 

By heating //-.src.-butylphenol, prepared from 7?-butyl alcohol, 
at 100° with one molecular proportion of phenylcarbimide, a 
viscous oil was obtained, which was purified by extracting it several 
times with light petroleum. Tt was dried first at 80° for a short 
time, and finally over solid potassium hydroxide under diminished 
pressure. On cooling to 0° it was obtained as a brittle solid which 
became viscous at the ordinary temperature. 

Intramohcxilar Rearrangement of w-BiitylnnUine. 

The experimental details for the production of 4-amino-7?-butyl- 
benzene have already been described (p. 110), and it has been 
mentioned that other substances are produced in the reaction. The 
primary amines which were separated by the use of zinc chloride 
were distilled. Aniline was obtained in the first fractions, the 
amount being dependent on the experimental conditions. The prin¬ 
cipal fraction was 4-amino-^?/-butylbenzene, but there was still a 
residue of amines boiling at above 270°; this, on distillation, proved 
to be a complex mixture, from which a primary amine boiling at 
295—300° was isolated, and was probably i-{imino-\ \2i~di-n-hutyh 
htnzene : 
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0*0900 gave 6*3 c.c. No at 20° and 737 mm. N = 6*7, 

CJ 4 H 23 N requires N = 6‘8 per cent. 

It yields a sparingly soluble suljphatef and after treatment with 
nitrous acid in the cold, combines with alkaline j 8 -naphthol with the 
formation of an o;?o-compound. A fraction of still higher boiling 
point which also contains a primary amine was not investigated. 

The ethereal washings of the zincichloride (p. 110 ) obtained by 
the action of /^-butyl alcohol on aniline zincichloride were shaken 
with dilute sodium hydroxide solution to remove a portion {A) con¬ 
taining phenolic substances and then several times with dilute 
hydrochloric acid to remove a portion (B) containing secondary and 
tertiary amines. There was finally obtained an ethereal solution 
containing for the most part substances which are soluble only in 
concentrated hydrochloric acid, and are precipitated on dilution. 
These substances boil at above 290° under the ordinary pressure, 
and their sulphuric solution in the presence of nitrous acid develops 
an intense bluish-black colour. The behaviour and properties of 
these substances suggest that they may be diphenylamine deriv¬ 
atives, but they were not further investigated. The separated por¬ 
tions were examined as follows: (.4) The phenolic substances were 
isolated by acidifying the alkaline solution and extracting with 
ether. They appeared to be a mixture of phenol and butylphenol, 
fpr on distillation two definite fractions were obtained, one at about 
200— 210 °, and the principal fraction at 240—245°. These phenols 
do not appear to be constant constituents of the products of the 
reaction being usually present at the most in small amounts. 

{B) The amines on distillation gave a secondary amine boiling at 
235—245°, with small amounts of a primary amine at 255—265°, 
which was shown to be 4 -amino- 7 i-butylbenzene. Between 275° and 
290° a secondary amine, probably 4:-n-hutyJa7riino-ri~h\itylhenzc7ie, 
was collected in an impure condition. It was dissolved in dilute 
hydrochloric acid and .treated with nitrous acid, when 4 -n- 6 i 4 ^yZ- 
fhenyl-n-hutylnitrosoami'ne separated as a yellowish-red oil, volatile 
in steam, and having a pleasant odour : 

0*0703 gave 7'4 c.c. Ng at 17*8° and 744 mm. N = 12*l. 

C 14 H 22 ON 2 requires N = 12'0 per cent. 

The amount of this secondary amine present in the mixture 
resulting from the action of nr-butyl alcohol on aniline zincichloride 
is usually small, and the yield appears to depend on the experi¬ 
mental conditions. The residue of higher boiling point yielded, at 
about 300°, aminodibutylbenzene, which was isolated as a sparingly 
soluble sulphate, and a mixture of amines, yielding fractions up to 
360°. Amines of still higher boiling points were obtained on dis- 
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tilling under diminished pressure until only a semi-carbonised mass 
remained in the flask. This distillate, which contained primary, 
secondary, and tertiary amines, was not further investigated, but 
no doubt consisted of amino-compounds containing more than two 
butyl groups in the nucleus. 

The formation of 4-amino-n-butylbenzene by the action of dry 
n-butyl alcohol on aniline zincichloride may be due to the initial 
formation of w-butylaniline, followed by intramolecular change, or to 
the direct entry of the butyl group into the nucleus. The former sug¬ 
gestion agrees better with the experimental results, for by reducing 
the time of the reaction and the temperature at which it occurs 
^^-butylaniline is obtained in greater amount than usual, whilst the 
yield of 4-amino-n-butylbenzene is much smaller. In one experi¬ 
ment the temperature was allowed to rise gradually to 180—200° 
over a period of six hours. The products were aniline and rir-butyl- 
aniline, only a small quantity of 4-amino-/2-butylbenzene being 
formed. 

It was also found that pure rf,-butylaniline, in the presence of 
zinc chloride and also certain other salts, underwent intramolecular 
change on heating at temperatures between 200^^ and 240° for 
about six to eight hours. 


n-Buii/ldtiilhie and Cohalt Chloride. 

??-Butylaniline (4*5 grams) was heated in a sealed tube at tem¬ 
peratures between 200° and 240° for seven hours with anhydrous 
cobalt chloride (2 grams). There was only a slight pressure on 
opening the tube, and the contents, which were initially pale green, 
changed to a deep blue, crystalline mass. After treatment with 
warm water and dilute sodium hydroxide solution the mixture of 
amines had the following composition: 

Primary amine ... ... ... ... ... 62 per cent. 

Secondary amine . 14 „ ,, 

Bases insoluble in dilute hydrochloric acid ... 23 „ ,, 

The primary amine gave an acetyl compound melting at 103° 
after one crystallisation, which was identical with 4-acetylamino-n- 
butylbetizene. 

Other experiments were carried out, by heating pure n-butyl- 
aniliue under pressure in the presence of various substances, such as 
zinc chloride and sodium chloride. The results obtained are given 
in the following table: 
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Percentage composition of 
resulting amines. 


Substance. 

Duration 



Insoluble in 

added. 

of heating. 

Primary. 

Secondary. 

dilute acid. 

_ 

8 hours. 

1 

99 

— 

Naa. 

8 

— 

100 

— 

SiOj . 

8 

1 

99 

— 

CaS 04 . 

8 „ 

— 

100 

— 

CaCl, . 

8 „ 

2 

98 

— 

Coa, . 

7 „ 

62 

14 

23 

cuaj . 

8 

11 

* 

60 

ZnCl, . 

7 „ 

47 

37 

16 

CoCL . 

HgCf, . 

8 „ 

8 

50 

20 

20 

30 

• 


* Not determined. 



The temperature 

in every 

case varied 

between 200° and 240° 


except in the case of ^^-bntylaniline, which was heated alone at 
240—260°. The experiments are, however, not comparable. When 
the amine was heated with cupric chloride the mixture at the end 
of the reaction was very dark and contained small, bright red, 
metallic particles, presumably of copper. The yield of amines 
insoluble in dilute hydrochloric acid was a?so high. In the experi¬ 
ment with mercuric chloride some metallic mercury was obtained. 

It was observed that the intramolecular rearrangement of the 
butylaniline was accompanied by the combination of the secondary 
amine with the substance added. Some of these additive compounds 
have been isolated. 

WrBuiylamUnt cohaltochloride was obtained by heating butyl- 
aniline with an excess of finely powdered anhydrous cobalt chloride 
in the presence of chloroform. After collecting the excess of sus¬ 
pended metallic salt, the chloroform solution was evaporated to dry¬ 
ness, when the cobaltochloride was obtained as a greenish-blue, 
vitreous mass, which becomes viscous after heating at 100°. It is 
decomposed by water with the formation of cobalt chloride and 
butylaniline: 

0-4226 gave 0 4265 AgCl. 01 = 25*0. 

CjoHjgNjCoClg requires Cl = 25-4 per cent. 

n-Butylaniline zincichloride was obtained as a grey, vitreous mass 
by heating w-butylaniline in chloroform solution with an excess of 
zinc chloride. The solution was filtered from the zinc chloride and 
the solvent removed by distillation. On washing with small quan¬ 
tities of light petroleum to remove the excess of butylaniline, the 
zincichloride remained in a pure condition: 

0*1450 gave 0-1458 AgCl. 01 = 24*9. 

CjoHj 5 N,ZnCl 2 requires 01 = 24*9 per cent. 

^^Butylaniline and cadmium chloride also form an additive com- 
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pound, which in common with those of the chlorides of cobalt and 
zinc is readily decomposed by hot water. The instability of the 
zincichloride toward water explains the readiness with which 
primary amines may be separated from secondary by the use of zinc 
chloride. 

Evidence was obtained of the formation of compounds with ferric 
chloride and cupric chloride by warming the chlorides with a chloro¬ 
form solution of butylaniline. With ferric chloride a very dark 
green substance was obtained, soluble in aqueous alcohol (75 per 
cent.), giving a bright green colour. Cupric chloride gave a deep 
violet chloroform solution, yielding a solid which was almost black. 

With the chlorides of calcium or sodium, or with calcium sulphate 
and silica, no indications were obtained of the formation of additive 
compounds. 


AdcJltive Compounds of A-Amino-w-hutylhenzcne with 
Metal lie Salts. 

The i)roducts of intramolecular change apparently contained addi¬ 
tive compounds of the primary amine with the salt employed. A 
few of these compounds were prepared and analysed. 

4.-Amino-i\-hutylhenzene zincichloride was obtained as a caseous 
mass by adding an aqueous solution of zinc chloride to 4-amino-n- 
butylbeiizene: 

0*2355 gave 0*1540 AgCl. Cl = 16*2. 

(C 2 QHj 5 N) 2 ZnCl 2 requires Cl = 16*3 per cent. 

It is sparingly soluble in water, alcohol, or ether. Dilute acids 
hydrolyse it rapidly. 

A-Amino-i\~hutylbenzenc cohaltochloride was prepared by mixing 
alcoholic solutions of anhydrous cobalt chloride with an excess of 
the base. After being crystallised from absolute methyl alcohol, it 
formed a bright blue powder which is decomposed by water into its 
components, slowly in the cold, but more quickly on warming: 

0*0858 gave 0*0562 AgCl. Cl = 16*2. 

0*2155 „ 0*0793 C 0 SO 4 . Co = 14 0. 

(CjoHj 5 N) 2 ,CoCl 2 requires Cl = 16*6; Co=13*8 per cent. 

^-Amino-ii-hutylhenzene cadmichloride was obtained as a white, 
bulky mass by mixing the components in methyl-alcoholic solution. 
It crystallises from hot methyl alcohol in small, white crystals with a 
nacreous lustre, and tends to form crusts of crystals on the surface 
of the solution. It is hydrolysed on boiling with water. 
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Action of Heat on n-Butylaniline Hydrochloride, 

Crude mono-ri-butylaniline was converted into its hydrochloride 
by evaporating it with an excess of concentrated hydrochloric acid 
until the solution was of a syrupy consistency. On keeping over¬ 
night it had solidified to a hard mass of crystals, which were trans¬ 
ferred to a retort and heated in an oil-bath at 260— 300®. The dis¬ 
engaged vapours were passed through a condenser to remove any 
liquid. A considerable amount of a liquid was condensed, nearly 
all of which boiled between 80® and 83®, indicating the presence of 
7^-butyl chloride. The gas which escaped condensation was passed 
through bromine, and after removing the excess of bromine by 
means of sodium hydrogen sulphite, a small amount of a colourless 
liquid was obtained, which was not further examined. In this 
experiment an excess of hydrochloric acid was originally present. 
Another experiment was carried out taking precautions to avoid 
an excess. The hydrochloride was dried on a steam-bath for twelve 
hours, and* exposed to the air for a further period, after which it 
was heated at 280-—300® for one hundred hours. During the earlier 
stages of the experiment, a liquid (A) was condensed, which became 
darker as the heating proceeded. The gas evolved was passed 
through bromine, when a liquid dibromide was obtained in small 
amount. 

From the distillate (A) there separated a small quantity of flat, 
grey crystals, which consisted of aniline hydrochloride. The liquid 
portion, after being rendered alkaline^ gave, on distillation, a frac¬ 
tion boiling between 70® and 80®, chiefly at 77—80°, which was 
r«-butyl chloride. There was also a fraction boiling chiefly between 
200® and 250®, containing principally a primary amine mixed with 
some secondary, the former being identified as aniline. 

The residue in the flask, which was black and tarry, was rendered 
alkaline, and the resulting amine treated with an excess of zinc 
chloride solution, in order to separate the primary amines from the 
other products. The insoluble zincichlorides gave a mixture of 
amines boiling between 200® and 255®, and yielding a considerable 
fraction at 240—255®. The ethereal washings of the zincichloride 
contained a secondary amine, boiling between 230® and 250®, whilst 
at 250—260® a mixture of primary and secondary amines was 
obtained. There were also present bases which were insoluble in 
dilute hydrochloric acid, but soluble in the concentrated acid, and 
were probably diphenylamine derivatives. 

Prc'paration of n-Butylaniline Hydrochloride, 

w-Butylaniline hydrochloride has previously been obtained by 
Kahn {Ber,^ 1885, 18, 3361) by evaporating a solution of n-butyl- 
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aniline in hydrochloric acid to crystallisation. A more convenient 
method was to pass a stream of dry hydrogen chloride into a solution 
of butyl aniline in an equal volume of benzene or toluene. A con¬ 
siderable amount of heat was generated, sufficient to evaporate some 
of the hydrocarbon. On cooling, //.-butylaniline hydrochloride 
crystallised out, and was collected, washed, and dried. The filtrate, 
which still contained much of the salt, was precipitated by the 
addition of ether, when the hydrochloride was obtained in very 
small, white crystals having a silvery appearance. They were col¬ 
lected, w-ashed with further amounts of ether, and dried, first at 
60° and later at 100°. 

«-Butylaniline hydrochloride crystallises in very small, irregular 
plates from hot ethyl acetate, in which it is readily soluble. It is 
only moderately soluble in the cold solvent. 


(Uwipdralivc E.rpcrinicntH ott A I/cf/hin/Ifuninea with varioui^ 
All\i/1 (t roups. 

A comparison was made of the stability of alkylarylamines con¬ 
taining alkyl groups of ditrerent weight. For this purpose methyl- 
and /<-butyl-aryffimines were employed. In the earlier investigations 
the experiments were carried out on the intramolecular rearrange¬ 
ment of methyl- and /j-butyl-aniline. The secondary amines were 
heated in sealed tubes with a molecular ])roportion of substances 
which aid the formation of aminoalkylbenzenes. The tubes were 
arranged in iron shields in such a manner that the temperature and 
the duration of heating were approximately the same in each case. 
The results are given in the following table. The results show that 
there is a difference, although not very marked, in the behaviour 
of the two amines, //-butylaniline undergoing intramolecular change 
more readily. In this case the action is characterised by the forma¬ 
tion of appreciable quantities of substances of the nature of 
diphenylamine, which are either absent in the case of methylaniline 
or present only in small amount. 


n -Bu ty 1 aniline. M othy laniline. 


Substance. 

Time of 

Primary. 

^ ^ 
Secondary. 

Primary. 

Secondary. 

added. 

heating. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

CoCh . 

6 hours. 

73 

10 

57 

32 

CdCL . 

6 „ 

52 

24 

43 

24 

Ha. 

6 „ 


20 

_ 

95 

Ha. 

8 » 

68 

18 

23 

* 

CoCl, (J mol) 

5 M 


33 

Ht 

50 

HCI... 

4 

* 

33 

♦ 

40 


Not estimated. 










130 REILLY AND HICKINBOTTOM : INTBAMOLBCTTLAR 


It was observed that metbylaniline yields additive compounds 
with cobalt chloride, zinc chloride, and cadmium chloride similar to 
those described in the case of ?i-butylaniline (p. 126). 

Methylaniline cohaltochloride was obtained as a dull blue powder 
on triturating anhydrous cobalt chloride with an excess of freshly 
distilled methyl aniline and heating the mixture on a steam-bath 
for a short time, the excess of methylaniline being then extracted by 
means of chloroform. On long keeping, the salt became greenish- 
yellow : 

0*1157 gave 0'1402 AgCl. 01 = 30*0. 

0*4312 „ 0*2818 C 0 SO 4 . Co = 24*9. 

C 7 H 7 N,CoCl 2 requires 01 = 30*2; Oo = 25‘l per cent. 

Methylaniline cadmichloride was prepared in a similar way. It is 
a white powder, which is decomposed by water: 

0*4099 gave 0*4016 AgOl. 01 = 24*2. 

0*3045 „ 0*2150 0dS04, Od=39*0. 

07 H 7 N, 0 d 0 l 2 requires 01 = 24*6; Od = 39*0 per cent. 

In the formation of the additive compounds of alkylanilines with 
metallic salts, the steric effects of the alkyl group may affect the 
formation of the compounds to a different extent, and for this and 
other reasons (difficulty of ensuring the same temperature and pres¬ 
sure in each tube) the experiments are probably not strictly compar¬ 
able. The comparison of the relative stability of methyl and 
w^butyl groups was therefore carried out with tertiary amines, such 
as methyl-n-butylaniline. The intramolecular rearrangement of this 
compound proceeds in two stages, namely, the formation of a second¬ 
ary amine, followed by conversion into a primary amine. It there¬ 
fore became necessary to prepare the compounds that may possibly 
occur in the mixture 


Me f hyl-n-huty Ian nine . 

This substance was prepared in three ways, namely, by the inter¬ 
action of (a) n-butyl bromide and methylaniline, (h) ^-butyl 
chloride and methylaniline, (c) methyl iodide and ?i-butylaniline, 
and the products in each case were the same. It was found that 
to obtain pure methyl-w-butylaniline by distillation was a tedious 
operation leading to losses. In the earlier work the process of puri¬ 
fication consisted in converting the crude methyl-n-butylaniline into 
its picrate, and then crystallising the picrate until pure. This pro¬ 
cedure was abandoned later and the secondary amine was removed 
by heating the crude tertiary amine with a slight excess of the theo¬ 
retical amount of phenylcarbimide. The excess of th^ reagent was 
removed by warming with water, followed by distillation in a cur- 
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rent of steam. Methyl-n-hutylaniline was obtained in this way as a 
pale yellow, refractive liquid boiling at 242—243^/766 mm.: 

0*1071 gave 0*3180 COg and 0*0987 HgO. C = 810; H = 10*3. 

0*0988 ,, 7*7 c.c. N 2 at 28° and 748 mm. N = 8‘8. 

CijHiyN requires C = 80*9; H=10'5; N = 8*6 per cent. 

The hydrochloride was obtained as an oil on passing a stream of 
dry hydrogen chloride into an ethereal solution of the base. After 
repeated washings with small quantities of dry ether, and keeping 
over potassium hydroxide under diminished pressure, it solidified to 
a mass of white, glistening laminae: 

0T633 gave 0*1170 AgCl. 01 = 17*7. 

CijHjyNjHCl requires 01=17*8 per cent. 

It is extremely soluble in water or alcohol, moderately so in nitro¬ 
benzene, and sparingly so in toluene. 

From an aqueous solution of the hydrochloride containing a slight 
excess of free acid, the platifiirhloride was obtained as an orange- 
yellow precipitate sparingly soluble in water: 

0*1152 gave 0*0304 Pt. Pt = 26*4. 

0*2234 „ 7*0 c.c. No at 18° and 738 mm. N=:3*6. 

(Cj|H^ 7 N) 2 ,H. 2 PtCl(; requires Pt = 26*5; N = 3*8 per cent. 

The picrate crystallises from a methyl-alcoholic solution of the 
components in small, yellow crystals melting at 90°. 

Titration with Titanons (ddoride. —0*010 required 20*3 c.c. TiCl^ 
(1 c.c. TiCl., = 0*001257 gram Fe). Calc, as C„Hi 7 N,C,HAN 3 = 
100*5 per cent. 

The melting point of this compound differs from that recorded by 
Komatsu {Joe. cit,)y who gives 141—142°. The picrates from the 
amine obtained by introducing the alkyl groups in different order 
were found to be identical, and a mixture of them also melted at 
90°. 

p-Nitrosoniethyl-wdrutyJan Hi lie,— acid acted on a solution 
of methyWj-butylaniline hydrochloride containing free hydrochloric 
acid yielding a reddish-brown solution, and the addition of ice-cold 
dilute aqueous ammonia precipitated the base as an oil, which was 
removed by means of ether. It was obtained as a greenish-blue 
liquid, which was steel-blue by reflected light: 

0*1184gave0*2981 CO. and 0*0909 H.O. C = 68*7; H = 8*5. 

0*1282 „ 16*2 c.c. N 2 at 15° and 745 mm. N = 14*8. 

CjiHicPNo requires C = 68*7; H = 8’4; N=-14*6 per cent. 

On heating the base under reflux with an excess of a 10 per cent, 
aqueous solution of sodium hydroxide, decomposition occurred with 
the production of a volatile amine, probably methyl-fi-butylamine. 

i-Methylamino-n-hiitylhenzene was obtained by heating 4-amino- 
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fi-butylbenjsene with methyl iodide. The addition of a dilute solu¬ 
tion of sodium hydroxide liberated the base as an almost colourless 
oil boiling at 262—265^/760 mm.: 

0T042 gave 7'6 c.c. N2 at 16° and 759 mm. N = 8*7. 

CJ1H17N requires N = 8’6 per cent. 

By the action of nitrous acid ^-Xi-hutylfhenylmethylnltrosoamine^ 
Ci 5 Hi(jON 2, was obtained as a pale yellow oil. This was nitrated by 
dissolving it in glacial acetic acid, and cautiously adding ten times 
its weight of fuming nitric acid in the cold. After a short time the 
reaction was completed by heating on the water-bath until the mix¬ 
ture was pale red or yellow. This was then poured on crushed ice, 
and the nitro-derivative collected and crystallised by dissolving it 
in cold fuming nitric acid. On keeping, d'mitro-n-hutyl'phenyl-^- 
methylnitroaminey C11HJ4O6N4, was obtained in pale yellow plates. 
From warm glacial acetic acid it crystallises in very pale yellow, 
glistening plates at 86°. 

FAhyl-n-hutylanilme was obtained by the action of 7^-butyl 
chloride on ethylaniline and also by allowing ethyl iodide to react 
with butylaniline. It was obtained pure in the manner described 
for methylbutylaniline, and is a pale yellow oil boiling at 248°/ 
768 mm.: 

0-0968 gave0-2880 CO2 and 0-0891 HoO. C = 81-l; H = 10-2. 

0 0836 ,, 5-9 c.c. No at 25° and 748 mm. N=:8-0. 

CjgHjgN requires C = 8T3; H = 10-8; N = 7‘9 per cent. 

The ficrate crystallises from aqueous alcohol in bright yellow, 
thin prisms or narrow plates melting at 100*^ ; 

0-010 required 20*0 c.c. TiClj (1 c.c. TiClg^0 00125 gram Fe). 
Calc, for Cj2H49N,CgH307N3 = 99'3 per cent. 

^-Nitrosoethyl-ii-hutylaniline was obtained as an oil having a 
dark blue, metallic colour when viewed by reflected light : 

0-017 gave 12-1 c.c. Ng at 24° and 741 mm. N = 13-7. 

Ci2HigON2 requires N = 13-6 per cent. 

^-Nitrosoethyl-n-hutylamline zincichloridt was prepared by mix¬ 
ing alcoholic solutions of the components and evaporating the alcohol 
under diminished pressure, but it was not obtained crystalline. 

4:-Ethylarriino-n-hutylhenzene is a liquid of agreeable odour and 
boiling at 270—272°/762 mm.: 

0*1024 gave 7*5 c.c. Ng at 22° and 746 mm. N = 8*2. 

CjgHigN requires N = 7*9 per cent. 

The nitrosoamine is a yellow oil: 

0-0999 gave 11*65 c.c. Ng at 20° and 746 mm. N = 13-4. 
CigHjgONg requires N = 13-6 per cent. 
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2 ~A min o-5 -n- h u tyl toluene. 

Molecular proportions of 7 ^-butyl alcohol and o-toluidine were 
heated at 200 - 240° for twenty-four hours, and the mixture was 
treated in the manner already described for 4 -amino- 7 ^-butylbenzene. 
2 -A 7 nmoA>-n~hutylfoluene was obtained as a very pale yellow liquid 
boiling at 265—268°/765 mm.: 

0 0960 gave 7*1 c.c. N., at 20 ° and 757 mm. N = 8 ' 6 . 

CjiHiyN requires N = 8‘6 per cent. 

The hydrochloride crystallises from warm dilute hydrochloric acid 
in rosettes of wliite needles: 

0*1176 gave 0 0840 AgCl Cl-17-8. 

CijHjyNjHCl requires Cl = 17‘8 per cent. 

It is precipitated from aqueous solution by the addition of an 
excess of hydrochloric acid. 

The acetyl derivative crystallises from dilute aqueous alcohol in 
white masses of crystals melting at 89°; 

0‘1039 gave 6*0 c.c. No at 15° and 750 mm. N = 6 ‘ 8 . 

CJ 3 H 19 ON requires N = 6*8 per cent. 

On diazotising the hydrochloride and adding the solution to alka¬ 
line )3-naphthol, b-n-hufyltolucne-l-azo-fi-najdithol is precipitated. 
It crystallises from hot glacial acetic acid in bulky masses of small, 
bright red needles melting at 105—107°. Tt is only moderately 
soluble ill alcohol, and dissolves in concentrated sulphuric acid with 
the production of a purple coloration. 


4- mino-3-n-hufyltoluene. 

This amine was obtained by the action of //-butyl alcohol on 
2 >-toluidine zincichloride, in the manner already described for the 
preparation of 4 -amino- 7 z-butylbenzene. It is a liquid boiling at 
265—270° under atmospheric pressure: 

0*1496 gave 11*3 c.c. Ng at 19° and 762 mm. N = 8*9. 

requires N = 8*6 per cent. 

The acetyl derivative separates as a white mass on cooling the 
product of interaction of 4-amino-3^-butyltoluene and acetic anhy¬ 
dride. It crystallises from alcohol in tufts of white, slender needles 
melting at 129°: 

0*1113 gave 0*3105 CO. and 0*0953 HgO. C-76*l; H = 9*5. 

C 23 H 19 ON requires C = 76'0; H=:9*3 per cent. 
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The Intramolecular Bearrangement of Methyl-TOrhutylaniline. 

Pure luethyl-Ti-butylaniline was heated in a sealed tube with one 
molecular proportion of either zinc chloride or cobalt chloride. In 
one experiment methyl-^-butylaniline hydrochloride was employed. 
The temperature varied between 200° and 250°, and the heating was 
allowed to continue for about six to eight hours. On opening the 
tubes there was usually a pressure due to the presence of an inflam¬ 
mable gas. The contents of the tube were rendered alkaline, and 
the amines were obtained by distillation in a current of steam. The 
mixture of amines obtained in this way was treated with zinc 
chloride solution, which removed the bulk of the primary amines. 
The ethereal washings of the zincichloride were washed with dilute 
hydrochloric acid to remove primary, secondary, and tertiary amines. 
From this acid solution the secondary amines were separated as 
nitrosoamines and the primary amines converted into the corre¬ 
sponding diazonium salts. 

The nitrosoamines separated in this way were nitrated, yielding in 
each case an oily product, which was obtained crystalline only on 
keeping in contact with concentrated nitric acid for several days. By 
pressing on a porous tile to remove oily impurities, and by repeated 
recrystallisation from glacial acetic add, a small amount of a pale 
yellow, crystalline substance was obtained melting at 93°, and the 
melting point was raised to 94—95° by the addition of 3 :5-dinitro- 
p-tolyl-r^-butylnitroamine. It is probable that the latter compound 
was present in the nitration product, indicating the existence of 
7i'butyl-/;-toluidine in the mixture of amines from the intramolecular 
rearrangement of methyl-w-butylaniline. It was not found possible 
to isolate any other nitro-compound in a pure state from the mixture, 
although appreciable amounts were present. 

It is probable that in the mixture dinitro-??-butylphenylmethyl- 
nitroamine was also present, as only /^-butyl-p-toluidine and 4-methyl- 
amino-ii-butylbenzene would be expected to occur in any appreciable 
amount. 

In one case small amounts of 2 :4:6-trinitrophenylmethylnitro- 
amine were isolated, and the primary amine from it indicated 
/?-toluidine. By crystallisation of the azo-cor»pounds from this 
experiment, ;?-tolueneazo-i9-naphthol, melting at 129°, was isolated, 
and this melting point was not depressed by the addition of pure 
^tolueneazo-iS-naphthol. The small amounts of derivatives of 
methylaniline and p-toluidine isolated were due probably to the 
rearrangement not proceeding to completion. 



EEAERANGEMBNT OF THE ALKYLAEYLAMINES. 


135 


Action of Heat on Methyl-w.-hutylanilvne Hydrochloride, 

Methyl-M-butylaniline (4*2 grams) was dissolved in an excess of 
concentrated hydrochloric acid in a small glass retort, which was 
heated in an oil-bath at 150—200®, a stream of hydrogen chloride 
being allowed to pass through the retort during the period of heat¬ 
ing. A portion of the residue in the vessel was removed, and after 
diluting and adding more hydrochloric acid it was cooled to 0® and 
treated with a slight excess of an aqueous solution of sodium nitrite. 
A nitrosoamine separated, which was removed by extraction with 
ether. The ethereal solution was washed several times with water 
and dilute sodium hydroxide, dried, and evaporated, and the 
residue was dissolved in glacial acetic acid, nitrated by heating it 
on a water-bath with fuming nitric acid, until the colour of the 
mixture had changed to a pale red. On pouring the mixture into 
water an oily product was obtained which, when crystallised from 
fuming nitric acid, melted at 90—92®. The addition of trinitro- 
phenylbutylnitroamiue (m. p. 99®) depressed the melting point to 
about 89—92®, whilst the addition of trinitrophenylmethylnitro- 
amine raised the melting point to 110—115®. The secondary amine 
resulting from the elimination of alkyl groups from methylbutyl- 
aniline in a stream of hydrogen chloride is therefore probably a 
mixture of methyl- and butyl-aniline. 

The further examination of the products of this reaction is 
deferred until the physical constants of mixtures of trinitrophenyl- 
methylnitroamine and trinitrophenylbutylnitroamine have been 
determined. 


The Nit ration of Dialkylaniline^. 

The method usually adopted to nitrate dissimilarly substituted 
dialkylanilines was to add cautiously about 10 to 15 times their 
weight of fuming nitric acid to a solution in glacial acetic acid. The 
reaction was completed by heating on the water-bath until the dark 
colour of the mixture had given place to a pale yellow or red. The 
nitration product was then isolated by pouring on ice, when it was 
collected and purified by crystallisation from fuming nitric acid. 

Dibutylaniline, when treated in this way, gave trinitt'ophenyUn- 
hntylnitroamine in very pale yellow plates melting at 100®: 

0*1093 gave 20*3 c.c. No at 20® and 748 mm. N = 21*3. 

CioHjjOgN^ requires N = 2T3 per cent. 

It is soluble in alcohol or acetone, and can be conveniently recrys¬ 
tallised from hot glacial acetic acid. An alcoholic solution of 
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sodium hydroxide in the cold gives a deep orange-red coloration. 
It dissolves in cold concentrated sulphuric acid without any 
development of colour, but on dilution a yellow turbidity is 
produced. 

This substance was shown to be identical with the nitro-derivative 
obtained on nitrating phenyl-'y^-butylnitrosoamine. It was also 

obtained by nitrating dibutyl aniline in the presence of nitric and 
sulphuric acids. Dibutylaniline (10 grams) dissolved in concen¬ 
trated sulphuric acid (18 grams) was slowly added to a mixture of 
sulphuric (50 grams) and nitric acids (150 grams), the temperature 
being maintained between 35° and 45° throughout the reaction. 
After all the amine had been added the mixture was maintained for 
some time at 50°, and then thrown on crushed ice, when the nitro¬ 
compound was collected as a viscous, red substance and purified in 
the usual manner by crystallisation from fuming nitric acid. The 
strongly acid aqueous portion was found to contain butyric acid. 
The nitro-compound was removed by filtration through a thick 
layer of glass-wool. It was found necessary to take these precau¬ 
tions to remove the last traces of the nitro-compound in order to 
prevent contamination of the products at a later stage. To the acid 
filtrate, iron filings were added gradually, care being taken to avoid 
a too-vigorous action. After remaining overnight, the solution was 
distilled in a current of steam. The distillate, which still contained 
a. small amount of nitric acid, was neutrali'sed and evaporated to a 
small bulk. It was then rendered acid by adding an excess of sul¬ 
phuric acid, and the last traces of nitric acid were removed by a 
further treatment with iron filings. A further distillation in a 
current of steam gave a distillate which contained a volatile acid, 
and this was identified by means of its “ distillation constant 
determined in an apparatus described by the authors (Set. Proc. 
Uoy. Duhl. Soc., 1919, 15 , 513). The constant agreed with that for 
72-butyric acid mixed with a small proportion of an impurity, and its 
presence was confirmed by its odour and by its reaction with ferric 
chloride. 

Comparative experiments were also carried out, using dimethyl- 
aniline. Methyl-72^butylaniline was nitrated by fuming nitric acid 
dissolved in glacial acetic acid following the method described above. 
The product melted at 123—125° after crystallisation from fuming 
nitrib acid. It was recrystallised from glacial acetic acid, and was 
found to be identical with 2 :4 :6-trinitrophenylmethylnitroamine, 
for no depression of the melting point occurred when a mixture was 
prepared with this nitro-compound and trinitrophenylmethylnitro- 
amiBe from another source. 

iSthyl'^butylaniline, on nitration with fuming nitric aioid or with 



THE CONDENSATION OF ETHYL ACETOACETATE, ETC. 137 


a mixture of nitric and sulphuric acids, gave a product which, on 
crystallisation from fuming nitric acid, furnished a mixture yielding 
trinitrophenyl-w-butylnitroamine on crystallisation from glacial 
acetic acid. 

[Receivedt November 4i/i, 1919.j 


XVL —The Condensation of Ethyl Acetoacetate with 
^•Diynethylaminohenzaldehyde and Ammonia, 

By Leonard Eric Hinkel and Herbert William Cremer. 

This work was interrupted by the war, and as there seems no 
possibility of it being continued jointly, it was considered advisable 
to place on record such results as were obtained. The investigation 
arose from a desire to study the influence of substituent groups in 
aliphatic and aromatic aldehydes in Hantzsch s pyridine condensa¬ 
tion. It was thought that the introduction of basic groups would 
retard it, and for this purpose p-dimethylaminobenzaldehyde was 
chosen. 

The condensation was found to take place very slowly even on 
heating, the best results being obtained by allowing the mixture 
to remain for about one hour at the ordinary temperature and 
then heating under pressure for seven to nine hours. The yield 
of the dihydro-derivative could not be increased by longer heating 
or by employing excess of ammonia. The viscous filtrate from the 
dihydro-compound was subjected to steam distillation, but no 
aldehyde passed over with the steam. The filtrate was soluble in 
hydrochloric acid and reprecipitated unchanged by alkali. In all 
probability, the filtrate contained a cycZo-ketone formed by the 
further condensation of the 1:5-diketone first produced along with 
the dihydro-compound. The filtrate was not further examined. 
The dihydro-derivative can also be produced by condensing the 
aldehyde with ethyl acetoacetate (1 mol.) and ethyl jS-amino- 
crotonate (1 mol.). This method was also employed with 
^>*dimethylaminobenzaldehyde, and also, for comparison, with 
benzaldehyde. In the first case, the yield was 21*7 per cent., 
whilst with benzaldehyde it was more than 90 per cent., showing 
in a striking manner the effect of the p-dimethylamino-group on 
the condensation. The oxidation of the dihydro-derivative could 
,mot be carried out according to the usual method by nitrous fumes, 
plven at low temperatures, brown, needle-shaped crystals readily 
VOL. oxvn. Q 
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formed, wliich were found to be p-nitrosjDdimethylaniline nitrate. 
The readiness with which the ^imethylaminophenyl group is 
eliminated is probably due to the influence exerted by the dimethyl- 
amino-group, since it has been shown (Schiff and Puliti, 5cr., 1883, 
16 , 160; Epstein, Annalerty 1885, 231 , 1) that phenyl- and styryl- 
dimethyldihydropyridinedicarboxylic esters are readily oxidised by 
nitrous fumes without elimination of the phenyl or styryl groups. 


E XPER I MENTAL. 

Etlu/l A-i^-Dimethylaviinophenyl-2 \^-dimtt}iyl-\ 'A'dihydro- 
pyridine -^: b-dicarhoxylatCy 
C02Et-C-CH(CQH^-NMe2)*C-Ca2Et 
CMe- NH -CMe 

A mixture of 30 grams (1 mol.) of ^-dimethylaminobenz- 
aldehyde, 52 grams (2 mols.) of ethyl acetoacetate, 3*4 grams 
(1 mol.) of ammonia, and 70 c.c. of alcohol, contained in a closed 
flask, was allowed to remain for an hour and then heated for nine 
hours over a rapidly boiling water-bath. Considerable pressure 
was developed in the flask, which was therefore suitably protected 
against explosion. On cooling, about half of the contents of the 
flask crystallised, and the crystals were collected and washed with 
a small quantity of alcohol. The residue was evaporated over a 
water-bath until viscid, and, when cold, diluted with an equal 
volume of alcohol; on stirring, a small, further quantity was 
obtained, the total yield being 40 grams, or 53*7 per cent, of the 
theoretical. The crude, yellow crystals were purified by crystal¬ 
lisations from alcohol, acetone, and ethyl acetate, and were obtained 
finally in nearly colourless, fine needles melting at 158*5°: 

0*2452 gave 0*6047 CO, and 0*1702 HgO. C = 67*26; H = 7*7. 

0*1617 „ 10-8 c.c. N 2 (iiioist) at 7*5° and 750 mm. N 2 = 8*0. 

C 21 H 23 O 4 N 2 requires C = 67-64; H = 7*52; N = 7*52 per cent. 

The ester is very similar to the trimethyl ester prepared by 
Hantzsch. It is stable to boiling dilute alkali, and boiling alcoholic 
potassium hydroxide slowly acts on it, bringing about complete 
decomposition. When heated with concentrated hydrochloric, 
sulphuric, or phosphoric acid, the compound is also decomposed, 
with the elimination of two molecular proportions of carbon 
dioxide. By virtue of the dimethylamino-group, however, it 
possesses basic properties and readily forms sparingly soluble 
additive cx>mpQunds with hydrogen chloride and with methyL 
iodide. * 
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Uomlcnsation of ^-DimethylartiiihohenzaldehydCj Ethyl Acelo- 
acetaiCy and Ethyl ^-Aminocrotonate. 

A mixture of 6 grams (1 mol.) of ^-dimethylaminobenzaldehyde, 
5*2 grams (1 mol.) of ethyl acetoacetate, and 4*5 grams (1 mol.) 
of ethyl j3-aminocrotonate was heated at 120^ for several hours. 
After two days, the viscous mass was dissolved in an equal volume 
of hot alcohol and left to crystallise. The product, after recrystal¬ 
lisation from ethyl acetate, was identical with the ester just 
described, the yield being 3*2 grams, or 21*7 per cent, of the 
theoretical. 

The hydrochloride, C2iH2804N2,HCl, prepared by dissolving the 
substance in dilute hydrochloric acid, separates as a fine, white, 
crystalline powder, especially on dilution with water. It was 
washed with water and alcohol, and dried in a vacuum: 

0*1827 gave 0*4130 CO. and 0*1257 H 2 O. 0 = 61*6; H = 7*63. 

0*1613 „ 9*4 c.c. No (moist) at 14^ and 751 mm. N = 6*85. 

0*1466 „ 0*0527 AgCl. Cl = 8*60. 

C.2 iH2804 N2,HC1 requires C = 61*68; H = 7 09; N = 6*85; 01-8*68 

per cent. 

It melts at 201°, and, when heated above its melting point, 
rapidly decomposes, yielding dimethylaniline among the products. 

Methiodide, C2iH2804N2,CH3l.—A mixture of the substance with 
excess of methyl iodide in acetone solution was gently heated for 
a short time over a water-bath. The clear, hot liquid was then 
poured into an evaporating basin and stirred with a glass rod until 
the mass solidified. The crude methiodide was washed with acetone 
and purified by crystallisation from hot acetone, and finally from 
ethyl acetate. It melts at 182—183°: 

0*1532 gave 0*2892 COg and 0*897 H.O. 0 = 51*48; H = 6*50. 

0*2052 „ 0*0952 Agl. 1 = 25*06. 

^ 21 ^ 28 ^ 4 ^ 2 requires 0 — 51*36; H = 6 03; 1 — 24*7 per cent. 


Ethyl A^-^-DimethylaminophenyU2 : Q-dimethylpyridine- 
dicarhoxylate, 

A mixture of 37*3 grams of the dihydro-ester and 3*2 grams of 
sublimed sulphur was gently heated at 150°. The mixture melted, 
and hydrogen sulphide was rapidly evolved, the heating being con¬ 
tinued until the liquid became dear and free from gas bubbles. 
When cold, the mass solidified, and was dissolved in boiling alcohol, 
^m which it crystallised on cooling. The crude crystals were 
*eed from any uncombined sulphur by dissolving them in excess 

a 2 
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of dilute hydrochloric acid and filtering. The ester was precipi¬ 
tated as a white, fiooculent mass from the acid solution by means 
of sodium carbonate solution. It was washed with water and re- 
crystallised from alcohol, and finally from light petroleum. The 
yield was almost quantitative. The ester is readily soluble in 
benzene, ether, chloroform, or hot alcohol, sparingly so in warm 
light petroleum, and melts at 124-5®: 

0 1853 gave 7*65 c.c. N 2 (moist) at 3® and 778 mm. N = 7-65. 

C 2 iH 2 e 04 N 2 requires N = 7‘57 per cent. 

Hydrolysis .—Fifteen grams of the ester were mixed with 30 
grams of potassium hydroxide dissolved in 100 c.c. of alcohol, and 
the mixture was heated to boiling under a reflux condenser for 
several hours. On cooling, the potassium salt separated out in fine 
crystals, which were collected and quickly washed with a little 
absolute alcohol, and dried in a vacuum. A further yield was 
obtained from the filtrate on concentration. The potassium salt 
is yellow and very deliquescent in air, changing to a deep yellow 
mass. It is sparingly soluble in boiling alcohol. The neutral 
aqueous solution is deep yellow, but the addition of either acid or 
alkali instantly destroys the colour, which can, however, be restored 
by the careful neutralisation of the excess of acid or alkali. 

Chbmiojx Dsfabtmxkt, 

King’s Coixsgx, 

London. [Received, November 23rd, 1919.] 


XVII .—Constituents of the Leaves of Helinus ovatus. 

By John Augustus Goodson. 

Helinus ovatus, E. Meyer (Nat. Ord. Rhamnaceae), is a climbing 
shrub indigenous to South Africa, where it is found growing on 
the borders of woods and thickets. No species of this genus, which, 
according to Oliver (''Flora of Tropical Africa'"), is confined to 
Africa and India, appears to have been examined previously, 
although the constituents of the genus Rhamnus, from which the 
order is named, are fairly well known, including as they do such 
well-known drugs as cascara sagrada and buckthorn. 

The results of the present investigation show that H. ovatus 
contains aconitic acid, quercetin, a saponin, and scyllitoL The 
last-mentioned substance was fizBt isolated from certain plagi|| 
stomous fishes, including the spur dogfish, but has since then beeS 



LEAVES OF HBLINUS OVATIJS. 


141 


found in a number of plants, such as the acorns of the common oak 
and the leaves of Cocos plumosa and (7. nucifera. 

The occurrence of scyllitol, the second of the two known meso- 
inoeitols, in these plants is of considerable biological interest in 
view of the suggestion made by Winterstein, Contardi, and others 
(compare Posternak, Compt. rend., 1919, 169 , 37) that phytin, 
which is believed to be the usual organic phosphorus reserve con¬ 
stituent of plants, is a mc«oinositol hexaphosphate. 

The material came from Komgha, Cape Province, and was sup¬ 
plied by Mr. I. B. Pole Evans, Chief of the Division of Botany, 
Union of South Africa, who stated that it is used medicinally by 
the natives, and is known locally as ''soap-plant,'' since the leaves 
have the property of yielding a lather when rubbed in the hands 
with water. 


Preliminary Examination. 

The leaves contained 9*5 per cent, of moisture and 9*2 per cent, 
of ash, of which 20*2 per cent, was potash (KoO), equivalent to 
1*8 per cent, in the leaves. 

No alkaloid or cyanogenetic glucoside could be detected by the 
usual reagents. 

The finely ground leaves gave the following percentages of 
extract on exhaustion in a Soxhlet apparatus with solvents in the 
order named: petroleum (b. p. 35—60^), 2*2; ether, 2*3; chloro¬ 
form, 2'2; alcohol, 23*0. 


Isolation of Geryl Alcohol. 

The petroleum extract consisted of brown, waxy matter, of which 
about one-third remained undissolved when digested with ether. 
This was boiled with alcoholic potassium hydroxide solution to 
remove traces of oil and wax. The residue left after removal of 
the alcohol was crystallised from ethyl acetate, and then melted at 
78°; a specimen of ceryl alcohol melted at 81° in the same bath, 
and a mixture of the two at 79°. (Pound: C = 82*0; H = 14*0. 
Ceryl alcohol, C 2 eH 540 [Henriques, Ber., 1897, 30 , 1415], requires 
C = 81*6; H=14*2 per cent.) 

The remaining extracts were systematically examined, with 
results which showed that the quantity of plant available (650 
grams) could best be dealt with by extraction with chloroform to 
remove wax and resinous matter, and then in succession with 
alcohol and water. 
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Examination of the Alcoholic Extract, 

The bulk of the alcohol was removed, and the resulting syrup 
set aside for some days, when it deposited a considerable quantity 
of potassium chloride. The filtrate was poured into about four 
times its volume of water, and treated successively with lead acetate 
and basic lead acetate. The lead was removed from the two pre¬ 
cipitates and from the filtrate by hydrogen sulphide in the usual 
manner. 


Isolation of Quercetin. 

The aqueous solution of the material recovered from the lead 
acetate precipitate contained a considerable amount of tannin. 
Extraction with ether removed a small quantity of a yellow sub¬ 
stance, probably quercetin (see below). The liquor was then 
acidified with hydrochloric acid, boiled to hydrolyse glucosides, 
cooled, and again extracted with ether, the extract yielding a 
yellow substance crystallising in rosettes of needles. This was 
recrystallised from a mixture of alcohol and chloroform, and then 
melted at 309^. On acetylation, it formed matted, colourless 
needles melting at 195°, and this melting point was not depressed 
when the substance was mixed with penta-acetylquercetin. The 
yellow colouring matter is therefore quercetin. 

The aqueous solution of the material recovered from the basic 
lead acetate precipitate also contained tannin, and a small amount 
of yellow colouring matter, which could not be obtained in a 
crystalline condition. 

The filtrate, after removal of the lead as sulphide, was concen¬ 
trated and extracted with butyl alcohol, which removed a saponin. 
The latter was purified by solution in water and precipitation with 
basic lead acetate, the lead precipitate being decomposed with 
hydrogen sulphide in the usual manner, and the filtrate evaporated 
to dryness under diminished pressure. The quantity of saponin 
obtained was so small that no further purification could be effected. 
The material frothed strongly in aqueous solution, gave no com¬ 
pound with cholesterol in alcoholic solution, did not reduce 
Eehling’s solution, and was not haemolytic. It was hydrolysed by 
boiling with dilute hydrochloric acid, the resulting solution yield¬ 
ing a small amount of apparently crystalline sapogenin on extrac¬ 
tion with ether. The residual aqueous solution r^uced Pehling’s 
solution strongly, but did not give a crystalline phenylosazone. 

The aqueous liquid, after extraction with butyl was con-,, 

centrated under diminished pressure and set aside, when a further 
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quantity of potassium chloride separated. The filtrate yielded 
e^phenylglucosazone on treatment with phenylhydrazine. 


Examination of the Aqueous Extract. 

The aqueous extract was treated successively with lead acetate 
and basic lead acetate, and the two precipitates were collected. 


Isolation of A coni tic Acul. 

The lead acetate precipitate was suspended in water and decom¬ 
posed by hydrogen sulphide. The filtrate was concentrated under 
diminished pressure and extracted with ether, which removed 12 6 
grams of a crystalline substance, corresponding with 1*9 per cent, 
in the leaves. 

This, on recrystallisation from water, formed minute prisms melt¬ 
ing at 191°, and gave all the reactions of aconitic acid, including 
that described by Taylor (T., 1919, 115 , 886). (Found: C = 41-3, 
41*4; H = 3*9, 3*6. Aconitic acid, CgTTjjOe, requires C = 41*4; 
H = 3*5 per cent.) 


Isolation of Scf/llitol. 

The basic lead acetate precipitate was decomposed in the usual 
manner, and the filtrate concentrated under diminished pressure, 
when slightly brown crystals separated. Two crops of the crude 
substance, amounting to 3 grams and corresponding with 0*46 per 
cent, in the leaves, were obtained. The product was purified by 
recrystallisation from hot water, from which it separated in 
anhydrous, monoclinic rhombs. (Found: C = 39*7, 40*1 ; H = 6*8, 
6*9. Scyllitol, requires C~40*0; H = 6*7 per cent.) 

The properties of the substance agreed closely with those recorded 
for scyllitol (J. Miiller, Ber., 1907, 40 , 182L and H. Muller, T., 
1907, 91 , 1767; 1912, 101 , 2383). When recrystallised slowly 
from cold water, it separated in transparent, hexagonal prisms, 
which, on removal from the solvent, became opaque and friable 
owing to loss of water of crystallisation. Crystals freed as rapidly 
as possible from adhering mother liquor lost, on exposure to air, 
24'9 per cent, of water. CfiHjo06,3H20 requires H20 = 23 1 per 
cent. 

H. Muller noted this change in crystal habit and transparency, 
but did not establish the fact that it is due to loss of water of 
crystallisation (T., 1907, 91 , 1772). 
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When heated, the scyllitol obtained from H. ovaim leavee 
coloured slightly at 300°, darkened considerably at 320°, and melted 
and effervesced at 353°, as recorded by a mercury thermometer. 

J. Muller (Zoc. dt.) gave the solubility of scyllitol in water as 
about 1 gram in 100 c.c. at 18°; the author finds a solubility of 
1*03 grams in 100 grams at 18° for his specimen, whereas H. Muller 
(/oc. cit.') gave it as 1*7 grams in 100 c.c. at 15°. 

Its identity with scyllitol was confirmed by the preparation of 
the hexa-acetyl derivative, which melted at 291°. H. Miiller 
(Zoc. cit^ gives 290—291° (corr.). (Found: C = 50-l; H = 5*6. 
Hexa-acetylscyllitol, C 6 Hc(C 2 H 30 )(} 0 c requires C = 50*0; H = 5'6 per 
cent.) 

The filtrate from the lead precipitates, after removal of the lead, 
contained merely inorganic salts. 

In conclusion, the author desires to express his warmest thanks 
to Dr. Henry for his advice and criticism throughout the course of 
the work. 

Wkixoome Chemical Research Laboratories, 

London, E.C. 1. [Received, January 1020.] 


XVIIL —Contributions to the Chemistry of the Terpenes, 
Part XIX. Synthesis of a m-Menthadiene from 
m-isoCymenc. 

By George Gerald Henderson and Thomas Frederick Smeaton. 

Several menthadienes have been prepared by various synthetic 
methods, but none that belongs to the meta-series, and may there¬ 
fore be considered a derivative of m-i«ocymene, had been synthe¬ 
sised until the problem was successfully attacked by W. H. Perkin, 
jun., and his collaborators (compare T., 1905, 87 , 1083; 1907, 91 , 
480; 1908, 93 , 1876; 1910, 97 , 2129; 1911, 99 , 118). Sylvestrene, 
carvestrene, and the other meta-menthadienes prepared synthetic¬ 
ally by these investigators contain one ethylenic linking in the 
nucleus and one in a side-chain, hence it appeared desirable to 
obtain a menthadiene of the meta-series containing two ethylenic 
linkings in the nucleus in order to compare its properties with 
those of the corresponding para-menthadienes. 

Starting with m-'eVocymene, obtained by the action of phosphoric 
oxide on fenchone, we first prepared m-wocymene-6' sulphonic aci^ 
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and converted this into the corresponding phenol, 6-hydroxy-m-wo- 
cymene, by fusion with alkali. The succeeding steps in the process, 
which was similar to that previously adopted by one of us for the 
synthesis of menthadienes from thymol and carvacrol respectively 
(Henderson and Boyd, T.,,1911, 99 , 2159; Henderson and Schotz, 
T., 1912, 101 , 2563), were briefly as follows: (1) Preparation of 
m-menthan-6-ol (l-methyl-3-isopropylcyc^ohexan-6-ol), Cj^^Hjg'OH, 
from 6-hydroxy-m-i5ocymene by hydrogenation in the presence of 
active nickel. (2) Dehydration of the m-menthanol by heating 
with oxalic acid, with the formation of a m-menthene (1-methyl- 
3 - isopropylcyc^ohexene), CjoHig. (3) Preparation of the 

??i-menthene dibromide, CigHjgBrg. (4) Conversion of the di¬ 
bromide into a m - menthadiene (1 - methyl - 3 »isopropylcyc/o- 
hexadiene), CigH^g, by elimination of two molecular proportions of 
hydrogen bromide through treatment with alcoholic potassium 
hydroxide. 

It is evident that dehydration of l-methyl-S-i^opropylcycZo- 
hexan-G-ol (I) might result in the formation of either 1-methyl- 
3-^5opropyl-A^-cycZohexene (II) or 1-methyl-3-isopropyl-A®-cyc/o- 
hexene (III). The dibromide of the former hydrocarbon would 
yield on treatment with alcoholic potassium hydroxide 1-methyl- 
3-i«opropyl-A'^ =®-cyciohexadiene (IV), whilst from the latter either 
of two womerides, l-methyl-3-i«opropyl-A^*^-cyc/ohexadiene (V) or 
l-methylene-3-'ij»opropyl-A^-cycZohexadiene (VI), might be produced 
in a similar manner. 


CHMe-CH/CHPr^^ CHMt,—CH^—CHPr'^ CMe-CHj-CHPr^ 

CH=CH—CH, CH(OH)-CHj-CHj CH-CH,“6 h, 


(H.) (I.) (HI.) 



CjMe-CH./CHPr'* CMelCH-CaPr'* CHjX-CHj-OHPr^ 

CH—ch:ch ch:ch--cHj chich-cHj 

(IV.) (V.) (VI.) 


Direct evidence of the constitution of the hydrocarbon, CioHjg, 
which we obtained from the m-menthanol, is lacking, but its proper¬ 
ties are very similar to those of a m-menthene which was prepared 
by Knoevenagel {AnncUerij 1897, 297 , 169) by heating l-methyl-3- 
ifiopropylcycZohexan-5-ol with phosphoric oxide at 110—130®, and 
should therefore be either l-methyl-3-wopropyl-A*-cyc/ohexene or 
l-methyl-3-wopropyl-A^-cyc/ahexene: 

CHMe-OHj-CHPr^ CHMe—CHj-CHPrfl CHMe-OHj-CHPr^ 

CH,--OH=CH OHj-OH(OH>CH, CH=CH—CH, 

O* 
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The physical constants of the two hydrocarbons are as follows: 


B. p. I). Hn. M,>. 

H. audS. 167—168® 0-8222 1A6683 46-61 

K. 167^168® 0-8197 1-45609 45-67 


Comparison of the figures suggests the conclusion that the sub¬ 
stances are identical, and therefore that the hydrocarbon which we 
obtained from l-methyl-3-iifopropylcyc/ohexan-6-ol is l-methyl-3- 
isopropyl-A^-cycZohexene (II). If this is the case, the dibromide 
prepar^ from it is 5:6-dibromo-l-methyl-3-ZsopropylcycZohexane, 
and therefore the hydrocarbon, CjoHig, which the dibromide yields 
on treatment with alcoholic potassium hydroxide, is in all proba¬ 
bility 1-methyl-3-fsopropyl-A^ =®-cycZohexadiene (IV). The follow¬ 
ing evidence in support of this view may also be quoted. Harries 
and Antoni (Annalen^ 1903, 328 , 88) obtained a '' dihydrocymene,'' 
CiqHi 6, by distilling the phosphate of 1 :3-diamino-m-menthane, 
which should be either A^=^- or A^ =^-l-methyl-3-wopropylcyc/o- 
hexadiene. The properties of this hydrocarbon—boiling point 
172—174°, DiJ.J 0*8423, 1*47936—do not correspond at all 

closely with those of our 7n-menthadiene, which are as follows: 
boiling point 169—171°, DSl 0*8515, < 1*47270. Apparently, 
therefore, the latter is not the A^ =-"'-isomeride, whilst if the 
m-menthene from which it is derived has the A-'^-structure, as 
appears probable, formula VI is also excluded. 

Of the three possible formulae for the menthadiene, there is none 
in which conjugated double bonds are absent, and, indeed, the fact 
that it is not capable of uniting additively with more than one 
molecular proportion of bromine, although contadning two ethylenic 
linkings in its molecule, shows that it has this conjugated structure. 
Nevertheless, the value found for its molecular refraction was 
normal, instead of showing an exaltation, as might have been 
expected. At the same time, it should not be forgotten that, 
according to Auwers and Eisenlohr (5er., 1910, 43 , 80), the 
presence of conjugated ethylenic linkings in a compound can be 
established with more certainty from consideration of its molecular 

DU 0*8515, Df 0*8500. 

Molecular refraction. 


Line. n*®. Found. Calculated. A. 

. 1-47270 44-89 46-24 -0-36 

O . 1-46964 44-66 44-97 -0-32 

O . 1-48802 46-21 46-39 -0-18 


Molecular dispersion (M«—M() . 

Found. Calculated. A 

1-66 1-426 0-134 

b« 9-4 per cent. 
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dispersion than from the molecular refraction, and, as shown in 
the above table, the figures obtained for the m-menthadiene 
confirm the view expressed regarding its structure. 

E XPER I MENTAL. 

. „ , . CM.=CH~CPr^‘ 

^-fhjdroxy-m-i^ocymene, 

7n-woCymene (l-methyl-3-tsopropylbenzene) was prepared from 
fenchone by treatment with phosphoric oxide, according to 
Wallach’s method (AnnaLen^ 1893, 275 , 158), and converted into 
G-hydroxy-m-isocymene by the process described by Kelbe 
(^Annalen^ 1881, 210 , 30), with certain modifications. On warming 
with concentrated sulphuric acid, m-wocymene yielded readily a 
mixture of m-wocymene-6-sulphonic acid and m-tsocymene-4- 
sulphonic acid, the latter only in small proportions. The sulphonic 
acids were converted into their barium salts in the usual way, and 
the salt of the 4-acid, which is more readily soluble in water, was 
separated from the sparingly soluble salt of the 6-acid. The 
potassium salt of the 6-acid was obtained by heating the barium 
salt with a concentrated aqueous solution of potassium carbonate, 
and purified by crystallisation from water, from which it separates 
in lustrous plates. Finally, the potassium salt was fused with six 
times its weight of potassium hydroxide, the fusion dis.solved in 
water, the solution acidified, and the G-hydroxy-w-fsocymene dis¬ 
tilled over in a current of steam. From the distillate it was 
separated, partly by means of a tap funnel and partly by extrac¬ 
tion with ether, dried, and distilled (b. p. 231°). It is a colourless, 
refractive liquid, the vapour of which has a very irritating effect 
on the lungs. 

1 -Methyl-Z-\^opropylcy(AQhexa n-6-oZ (I). 

The 6-hydroxy-m-i50cymene was converted into 1-methyl-3-iso- 
propylc^cZohexan-6-ol by treatment with hydrogen in the presence 
of active nickel. In order to obtain the nickel in an active form, 
the hydroxide of the metal was precipitated by the addition of 
potassium hydroxide to a solution of the pure nitrate, the pre¬ 
cipitate washed exhaustively with water, formed into a paste by 
admixture of granules of pumice, and dried. The greater part of 
a long combustion tube was filled with the mixture, and the oxide 
of nickel reduced with pure hydrogen at 280°. The 6-hydroxy-m 
wocymene was placed in a boat in iJhie front part of the tube, which 
was maintained at 170—180° while a steady stream of carefully 

G* 2 
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purified hydrogen was passed through. The hydrogenation pro¬ 
duct distilled slowly into the receiver as a colourless liquid. 
Attempts to crystallise the compound from various solvents, or by 
cooling, having proved unsuccessful, it was purified by distillation 
under diminished pressure. 

\-Methyl-Z-i&o'pro'pylc^c\ohexan~^-ol is a colourless, somewhat 
viscous liquid with a pleasant odour. It is very sparingly soluble 
in water and readily so in alcohol or ether. Its physical constants 
are as follows: boiling point 119—121°/28 mm., 0*9156, 
< 1*46659, Mp found 47-30, calc. 47*55. 

\-Methyl-^-i^opropylr-^^'Cyc^ohexene (II). 

In order to effect dehydration, the purified 1-methyl-3-wopropyl- 
cycZohexan-6-ol was mixed with about twice its weight of finely 
powdered anhydrous oxalic acid and boiled for several days in a 
flask provided with an air condenser until the process appeared to 
be completed. The contents of the flask were distilled in a current 
of steam, when a clear, oily liquid passed over and floated on the 
surface of the aqueous layer. The distillate was saturated with 
ammonium sulphate and extracted with ether, the ethereal extract 
washed with water and dried over anhydrous calcium chloride, and 
the ether removed by distillation. The residual liquid was dis¬ 
tilled, and two fractions were collected, the larger one boiling at 
165—185^ and the other at 185—205^. The latter was set aside 
for further treatment with oxalic acid, and the fraction which 
boiled at 165—185^ was redistilled over sodium until a product 
of constant boiling point was obtained. \-MethyUZ-iw>propyl-L^- 
cyc^ohexene is a colourless, mobile liquid with an agreeable odour. 
Its boiling point is 167—168^/760 mm., 0*8222, Wj, 1*45683, 
Md found 45*61, calc, for p 45*39. It is unsaturated, 

immediately decolorising solutions of potassium permanganate and 
of bromine. 

5: ^-Dihromo-l-methyU^-i^opropylcyciohexane^ 

A cooled solution of bromine (1 mol.) in glacial acetic acid was 
added gradually to a solution of the w-menthene (1 mol.) in the 
same solvent, cooled with ice-water, and stirred continuously. 
After addition of the bromine, the solution was left for half an 
hour and then poured into ice-water. The £^5rawo-derivative 
settled down as a heavy, oily liquid, almost colourless, which was 
washed with water until free from acetic add, and used for the 
next operation without further purification 


IHMe-GHj-CHPr^ 

IHBr'OHBr-CH, 
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\-Methyl-^-isojpropyl^L^ '^-cyclohexadienc (IV). 

The dibromo-derivative was boiled for several hours under a 
reflux condenser with an excess of alcoholic potassium hydroxide 
until no further separation of potassium bromide took place. The 
mixture was then distilled in a current of steam, and the oily 
distillate separated from the water with the aid of light petroleum. 
The extract was washed with water and dried over anhydrous 
potassium carbonate, and the petroleum then distilled off. The 
liquid which remained was fractionally distilled over sodium in an 
atmosphere of dry hydrogen; no signs of decomposition were 
observed during the process, and the distillate was perfectly colour¬ 
less. After several fractionations, a product of constant boiling 
point was obtained. 

\-MethyUZ-\^opropyl-l^ '^-cycXohexadiene (^ii^ ^^-m-menthadiene) is 
a colourless, limpid liquid with an agreeable odour. It boils at 
169—17P/760 mm., and has 0*8515, 147270, M,, found 

44*89, calc, for C^qHiq!- 45*24. The hydrocarbon is unsaturated, 
at once reducing an alkaline solution of potassium permanganate, 
but is not capable of combining additively with more than one 
molecular proportion of bromine. With sulphuric acid, it gives a 
red, with sulphuric acid and alcohol a reddish-brown, and with 
acetic anhydride and sulphuric add a violet, coloration. From the 
results of the determination of its physical constants, shortly after 
purification and again after an interval of seven days, it evidently 
undergoes change, probably polymerisation, on keeping. Thus the 
following results were obtained with a spedmen which had been 
set aside for a week after purification: DU 0*8614, 1*47437, 

Mj) found 44*44. The m-menthadiene appears, in fact, to behave 
in a similar way to cyc/opentadiene (compare Auwers and 
Eisenlohr, loc. cit.). 

We take this opportunity of expressing our gratitude to Mr. 
W. G. Birrell for valuable assistance in the experimental part of 
the work, and to the Research Fund Committee of the Carnegie 
Trust for a grant in aid of the expenses. 

ITyfiVBBBiTT OF GLASGOW. fReceived, January \^th, 1920.] 
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XIX .—The Effect of a Change in Temperature on 
the Colour Changes of Methyl-orange and on 
the Accuracy of Titrations. 

By Henry Thomas Tizard and John Reginald Harvey Whiston. 

In a former paper (T., 1910, 97, 2477), one of us gave the results 
of quantitative measurements of the depth of colour of solutions 
of methyl-orange containing varying concentrations of hydrogen 
ions. The results could be quantitatively accounted for on the 
simple theory that methyl-orange was a (pseudo-) acid of a strength 
of about 4*2 x 10”^ at about 25^, and that the depth of colour of 
the red (undissociated) form of the acid was 18*8 times that of the 
yellow dissociated form or acidic ion in solutions of the same 
strength. The calculation of the dissociation constant depends 
directly on the latter measurement, for (see previous paper) if a 
is the degree of dissociation of the indicator acid and (7(, the depth 
of colour of the undissociated molecule compared to that of the 
dissociated molecule as unity, the colour of a solution containing a 
fraction a of the acid in the dissociated form is: 

C = Co(l-a) + a .(1) 

and the concentration of the hydrions in the solution is given by 

.( 2 ) 

• a 

If Cq and G are measured, a can be calculated from (1) and K 
from (2). A mistake in the value of (7^ of course alters the calcu¬ 
lated value of K, 

The results recorded in the present paper agree at 25° very 
well with the older measurements in not too acid solutions. When 
more acid is present, they are consistently lower. This may be 
partly due to the fact that a different sample of methyl-orange was 
used, but it is more likely that the depth of colour in the more 
strongly acid (red) solutions was previously overestimated. This 
would mean that the value of K at 25°, calculated in the previous 
paper, was too high; present measurements give 3*8xl0~^ at 25° 
instead of 4*25 x 10~^. It is, naturally, difficult to compare 
accurately the depths of colour of solutions which differ in tint, 
even though the difference is very slight, as in the present case. 

The determination of the concentration of hydrions in aqueous 
solutions by means of '' indicators has been frequently used during 
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the last few years. It has been generally assumed that the effect 
of temperature on the depth of colour of solutions containing 
methyl-orange was practically negligible. It was pointed out, 
however, in a paper read before the British Association in 1912 
that this was probably not the case. There seems very little doubt 
that indicators in general use are pseudo-acids or bases. Now, the 
strength of pseudo-acids usually increases considerably with the 
temperature; in other words, their dissociation constants have a 
very high temperature-coefficient. The sensitiveness of an indicator 
depends, however, directly on its dissociation constant; if the 
constant increases, the indicator will become less sensitive to 
hydrions, and therefore the depth of colour in a solution of any 
definite hydrion concentration (within the range of sensitiveness) 
will diminish. A qualitative experiment showing this effect is as 
follows: if an A/200-solution of acetic acid containing methyl- 
orange is heated, the colour of the solution will change from orange 
to yellow, and increase again on cooling. 

Since no quantitative experiments have been made on the effect 
of temperature on the changes of indicators, it was thought advis¬ 
able to determine the depth of colour of methyl-orange in solutions 
of varying acidity at three different temperatures. The measure¬ 
ments were carried out exactly as before with a modified Donnan 
colorimeter constructed by Kohler in Leipzig. The colorimeter 
tubes were jacketed outside with tubes, through which a stream of 
water could be passed. The temperature of the solutions in the 
colorimeter tubes was thus kept constant by siphoning water 
through the jacketed tubes from a reservoir kept at the desired 
temperature. The temperature inside the tubes was (at the higher 
temperatures) a few degrees lower than that of the bath, but could 
easily be kept constant within during the series of experiments. 

The solutions of varying hydrion concentration were made by 
mixing known quantities of equivalent solutions of ammonia and 
acetic acid. These two substances are of practic.ally the same 
strength, and, further, their strength, and especially that of acetic 
acid, alters only slightly with the temperature, as the following 
numbers taken from Lunden's tables show: 

18*^ 25° 40° 


Ammonia . 1*4 1*77 1*87x10 * 

Acet’c acid . 1*82 1*86 1*81 x 10“® 


Now if we add z o.c. of ammonia to (say) 10 c.c. of an equivalent 
solution of acetic add, then if z is less than 10, we have a solution 
containing (10 —z) equivalents of add and z equivalents of salt 
(ammonium acetate), which may be considered to be completely 
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dissociated in dilute solutions. Then if V is the (unknown) dilu¬ 
tion, the concentration of hydrions is given by 

Ka X (concentration of acetic acid) = (concentration of acetion) x 

(concentration of hydrion). 

Hence 

^ _ Kax (10-^z) ^ V8xlO-JJlO-z) 

~ z z 

and is independent of F, provided this is neither too small nor 
too large, and also of the temperature, since Ka alters so little 
with the temperature. This is by far the easiest way of preparing 
solutions of any definite concentration of hydrions between 10"^ 
and 10(the neutral point). 

It is not necessary to know the strengths of the acid and alkaline 
solutions absolutely so long as their relative strengths are known 
accurately. Por this purpose, it is best to titrate the acid solu¬ 
tion directly against standard baryta, using phenolphthalein as 
indicator, and the ammonia solution, using methyl-red as indicator, 
against a solution of hydrochloric acid which itself has been 
titrated against the same baryta solution. 

The effect of temperature on the end-colours ” of methyl- 
orange, that is, on the depth of colour in highly acid and in 
neutral or alkaline solutions is practically zero. No 

difference in the depth of colour of the red acid form could be 
detected when the temperature ranged from 10® to 40®; this 
means that whatever is the form of the undissociated acid which 
imparts the distinctive red colour to the solution, its concentration 
is altered very little with rise of temperature. The depth of 
colour of the yellow (alkaline) solution, which one may suppose to 
contain only the ion, N(CH 3 ) 2 *C 6 H 4 *N!N*C 6 H 4 'S 03 ', appeared to 
increase slightly when the temperature was raised from 10® to 
40®, but the increase is within the unavoidable errors of measure¬ 
ment at these temperatures. The mean of many experiments gave 
17*5 as the molecular colour of the undissociated acid, taking that 
of the yellow dissociated form as unity. 

The depths of colour of solutions containing concentrations of 
hydrions within the limits of sensitiveness are given in the follow¬ 
ing tables; from the results, the following values for the (apparent) 
dissociation constant of the indicator were obtained: 


Temperature. 15*’ 24” 37” 

K . 2-7 3*7 5*2xl0-« 


The values for the depth of colour in the various solutions, calcu¬ 
lated from these numbers, are given in the third column of the 
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tables. The reeiilts previously obtained for 25° are included in 
the table for 24°. The agreement is very satisfactory, except in 
the more acid solutions; it should be remembered that the former 
results were all obtained in dilute solutions of hydrochloric acid. 


Temperature, 15°; Z = 2*7xl0"^; (7o = 17'5. 


Concentration of 

Colour 


Colour 

hydrions. 

(observed). 


(calculated). 

1-3 xlO « . 

110 


M2 

6-9 . 

1-33 


1-35 

2*8 xlO « . 

2-57 


2-66 

70 . 

4*46 


4-38 

1-6 xlO * . 

700 


714 

3-34 „ . 

10*0 


101 

60 „ . 

11-7 


11-7 

10 xlO * . 

14-3 


140 

2*0 . 

16-3 


16*6 

3-7 . 

160 


16-4 

1‘0 x io * . 

. 171 


171 

1-0 xio-^ . 

17-8 


17‘5 

Temperature, 24°; K ~ 

:3-7xl0-<; 6"o = 

= 17-5. 





Previous 

Concentration i 

Colour 

Colour 

measurements 

of hydrion. (obser\^ed). (calculated). at 25'".* 

016 xlO ‘ . 

1-66 

1-68 

1-65 

0-366 . 

2*50 

2-48 

2-41 

0-91 .. 

4-28 

4-25 

413 

2-16 . 

710 

7-06 

703 

60 .. 

10-4 

10-5 

10-6 

3-7 xlO ». 

15-7 

160 

_ 

10 * (JV/lO-HCl) 

17-4 

17-6 

18-3 


* T., 1910, 97, 2477. 



Temperature, 37°; ir = 5-2xl0-^; Co = 17-5. 


Concentration of 

Colour 

Colour 

hydrion. 

(observed). 

(calculated). 

0-28 X 10”* . 

1*90 

1*84 

0*636 .. 

2*61 

2*64 

1-68 . 

4*64 

4*84 

216 . 

6*60 

6*82 

6*0 . 

9*20 

9*10 

1*0 xio » . 

11*6 

11*4 

2-0 „ ■ . 

14*0 

14*1 

3-7 . 

16*4 

16*6 

1-0 xlO ‘ . 

16*3 

16*7 

10 1 . 

17*6 

17*4 


In the diagram, depths of oolour are plotted against ooncentra> 
tion of hydrions. The three curves represent the results at the 
three temperatures chosen; it will be seen that the effect of raising 
the temperature is to shift the oolour curve to the left. The dis¬ 
sociation constant increases linearly with the temperature; extra* 
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polation gives the following values for the temperatures 10®, 25®, 
and 40®; 

Temperature . 10® 25' 40® 

Dissociation constant 2*1 3*8 5-6x10 * 

It can be easily, shown (see equation 2) from these results that 
the concentration of hydrion necessary to produce any definite 
depth of colour is doubled by raising the temperature from 15® 
to 40®. 

Discussion of Results. 

The very great temperature-coefficient of the dissociation constant 
of methyl-orange may be taken as strong evidence of the truth of 



the modern theory that this indicator is a pseudo-acid. No other 
case in the literature of the subject can be found of an acid of 
this order of strength (7f = 10“*) increasing in strength appreci¬ 
ably within these limits of temperature. At the same time, it is 
necessary to reconcile this conclusion with the fact that the red 
colour of the undissociated acid form of the indicator does not 
change in depth when the temperature is altered. The obvious 
explanation of the high temperature-coefficient of the dissociation 
constant of pseudo-acids is that the equilibrium between the pseudo- 
and true acid forma of the acid, which we may express by the 
formula . 


HXO HOX, 
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alters considerably with the temperature. If this is true of 
methyl-orange, why does not the colour alter ? The following 
seems to be a satisfactory explanation of this difficulty. Methyl- 
orange, or rather helianthin, is a sulphonic acid. If it were not 
a pseudo-acid we should therefore expect it to be a strong acid, 
comparable with sulphuric acid, with a dissociation constant of 
about 1. Assuming this, we may say that since its dissociation 
constant is actually found to be of the order 3 x 10 (at the 
ordinary temperature), then the undissociated form of the acid 
must be an equilibrium mixture consisting almost entirely of the 
red pseudo-form (or forms) IIXO, whilst only a fraction, 
3 X 10"^, of it is in the yellow, “true acid form HOX. Increase 
in temperature to 40*^ means that this fraction is increased to 
5*5 X 10““*, without appreciably altering the proportion in the 
pseudo-acid form. Hence the colour remains practically unchanged. 

Since the depth of colour of methyl-orange in a solution con¬ 
taining an A/SOOO-concentration of hydrogen ions (C'y == jg 

5*45 at 40® and 9*1 at 10®-—an increase of 65 per cent, for a fall 
in temperature of 30®—it is clear that if the methyl-orange method 
is employed for determining quantitatively the concentration of 
hydrions in a solution, it is important to keep the temperature 
constant during the measurements. The effect of a change in 
temperature on the accuracy of an ordinary titration is, however, 
only very slight. The concentration of hydrogen ions in a solu¬ 
tion of a salt made up of a weak base and strong acid is approxim¬ 
ately 

/Ku. 

V KuV 


where Ky, and Ki, are the dissociation constants of water and the 
base respectively, and ^ is the concentration of the salt in mols. 


per litre. 

The effect of the increase of the dissociation constant of methyl- 
orange with the temperature is that the concentration of hydrions 
“ indicated is greater the higher the temperature. Since, how¬ 


ever, 


V: 


K 

K, 


also increases with the temperature, the two effects tend 


to cancel each other, and the accuracy of the titration is not 
impaired. Taking collidine (Xft = T6 x lO”^ at 18® and 3 x 10~^ 
at 40®) as an example of a base for the titration of which methyl- 
orange is a suitable indicator, the concentration of hydrions at the 
''equivalent’' point, if 7 = 20, is 4x10’*^ at 18® and 7x10“® at 
40®. The dissociation constant of methyl-orange increases from 
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3 X 10-^ ,to 5*5 X 10-* for this range of temperature, and the depth 
of colour of methyl-orange in solutions of the above concentration 
would be 3*0 at 18® and 2*8 at 40® respectively, a difference which 
is, of course, negligible. The accuracy of a titration in such cases 
depends mainly on quite other factors, chief of which is the effect 
of a small excess of acid or base on the hydrolysis of the salt, and 
this depends only on the strength of the acid or base in question, 
and not at all on the indicator. In other words, a change in 
temperature, within reasonable limits, can never necessitate a 
change of indicator. 

We are much indebted to the Research Fund Committee of the 
Chemical Society for a grant which partly defrayed the cost of the 
colorimeter. 

Oxford. [Received^ January G/A, 1920.] 


XX .—llie Halt of Decomposition of Malonie Acid. 

By Cyril Norman Hinshelwood. 

The experiments described in this paper were carried out with 
the object of obtaining information bearing upon recent views on 
chemical reactivity. The view of Marcellin and of Rice, that a 
molecule reacts when its energy exceeds the mean energy corre¬ 
sponding with the temperature of the system, was coupled by 
Lewis (T., 1916, 109 , 796) with the hypothesis that the rate of a 
unimolecular reaction is proportional to the density of infra-red 
radiation of the frequency absorbable by the system. By intro¬ 
ducing a term derived from Planck’s equation into the ordinary 
mass-action equation, Lewis obtained E — Nhvy where = critical 
increment for one single molecule, A = Planck’s constant, and 
v = the frequency of the absorbed infra-red radiation. A detailed 
account of the radiation theory is given by Perrin {Arm. Phys.y 
1919, [ix], 11 , 5). 

In connexion with Rice's view, it is interesting to make measure¬ 
ments of the rate of unimolecular reaction in a system the energy 
content of which can be varied at constant temperature, for ex¬ 
ample, to compare the reactivity of a solid system with that of 
the supercooled liquid at the same temperature. If, moreover, 
a marked difference in reactivity is found between the two systems, 
the radiation hypothesis would lead one to expect a difference in 
their infra-red properties. Naturally, a unimolecular reaction 
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must be selected for investigation, in order that heterogeneity may 
not complicate the problem, 

Malonic acid was chosen for experiment, since at moderately 
high temperatures it undergoes a unimolecular decomposition into 
volatile products, namely, carbon dioxide and acetic acid. The 
first part of the work was to measure the rate of decomposition 
of molten malonic acid above its melting point and the supercooled 
liquid below the melting point, and to compare the values of the 
velocity constant k for the supercooled liquid with the correspond¬ 
ing values for the solid. If a large difference existed, it would be 
worth while looking for a difference in the infra-red properties of 
the acid in the two states. Actually, a well-marked difference is 
found in the rates, as the results will show. 

The rate of decomposition of malonic acid was measured in 
glacial acetic acid solution by Lindner {Sitzungsher. K. Akad. 

Wien^ 1907, 116, 945), and found to be unimolecular, but 
the rate of decomposition of the acid alone does not appear to 
have been determined. 

The acid was prepared in the ordinary way from chloroacetic 
acid, and was twice recrystallised from pure ether. Two pre¬ 
parations melted at 133-9° (corr.) and 134*3° respectively, the 
melting point being difficult to determine with great precision 
owing to incipient decomposition. (Values given in the literature 
vary from 131° to 134°.) 

The apparatus for measuring the rate of decomposition mano- 
metrically is shown in Fig. 1. A is a glass bulb of about 20 c.c. 
capacity, into which small quantities of malonic acid, usually 
about 20 milligrams, are introduced. (7 is a reservoir containing 
mercury for the manometer, whilst B acts as a trap, preventing 
mercury from C from entering the bulb A . When the acid has 
been introduced into A and the mercury into ( 7 , the apparatus is 
sealed off at D, The decomposition bulb was heated either in a 
vapour bath or in an electrically heated and controlled oil thermo¬ 
stat. The arrangement of the apparatus when the vapour-bath 
was used is shown in the right-hand sketch of Fig. 1. The large 
globe contains a liquid of suitable boiling point (bromobenzene, 
propylene bromide, tetrachloroethane, xylene, amyl acetate, acetic 
anhydride, ethylene dibromide, amyl alcohol, and glacial acetic 
acid were employed). The decomposition bulb is joined by means 
of pressure tubing to the long manometer tube, which communi¬ 
cates by the tap to a levelling tube containing mercury. The 
method of taking readings was as follows. When a constant 
temperature had been attained, the mercury had usually risen to 
a point not far below the T-piece leading to the levelling tube. 
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The tap was opened and the pressure increased until the mercury 
in the decomposition vessel reached a fixed mark between the bulbs 
B and C. As decomposition proceeded, the pressure required to 
bring the contents of A and B back to constant volume increased 
and measured the progress of the reaction. When connexion was 
first made between the manometer and the levelling tube, air 
bubbles were usually introduced. These were easily removed by 
pushing a long piece of fine capillary tube down the manometer. 
The thermometers were compared with a standard thermometer, 
and the bulb was always placed close to the acid in A . Care was 


Fig. 1 



taken that the condenser runnings did not touch the thermometer 
or the bulb A . For the shorter experiments, this arrangement 
was very satisfactory, but for longer experiments, owing to baro¬ 
metric changes, the electrically controlled thermostat was prefer¬ 
able. The heating arrangement in this consisted of about a metre 
of ‘‘ nichromewire with a resistance of 50 ohms wound on a mica 
frame and immersed directly in the oil-bath. It was connected 
with the 100-volt main in parallel with the motor driving the 
stirrer. The regulator was filled with quinoline. Auxiliary heat¬ 
ing was provided by a Bunsen burner. The mean temperature 
remained very constant, but it was impossible to suppress a rapid 
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periodic fluctuation. As this amounted to about ±0’3® with a 
two-minute period, and this arrangement was only used with 
experiments lasting many hours, the regular variations were of 
no account. The manometric readings were corrected for baro¬ 
metric changes. 

At temperatures above the melting point, the amount of dry¬ 
ing of the acid does not appear to influence the result, nor were 
divergences shown by two separate preparations of malonic acid. 

The following table gives the results obtained at different 
temperatures for the fused acid above its melting point and for 
the supercooled acid. It was found possible to keep it supercooled 
at 125°. 


Table I. 

^=time in minutes; p —pressure in mm. 


= final pressure; 





k = ‘ 
t 


Poo 

K -P> 










Temperature 

129-4°. 

Temperature 153*6\ 

Temperature 136-4°. 

Liquid supercooled. 

t. 

P- 

Jfc. 

* f. 

p- 

k. 

t. 

P- 

k. 

6-5 

57 

0-0265 

10 

37-0 

0-00568 

20 

70 

0-00263 

10-0 

86 

0-0290 

15 

53-0 

0-00559 

35 

117 

0-00262 

14-5 

108 

0-0288 

20 

67-0 

0-00545 

52 

167 

0-00265 

29-0 

152 

0-0304 

27 

87-0 

0-00547 

68 

216 

0-00276 

100-0 

175 


35 

108-0 

0-00549 

82 

251 

0-00278 

Final 

175 


45 

131-0 

0-00549 

100 

292 

0-00280 

Mean value of h 

= 0-0287 

; 56 

155-0 

000558 

120 

332 

0-00281 




64 

171-0 

0-00566 

135 

361 

0-00285 




100 

223-5 

’ 0-00585 

166 

418 

0-00298 




Final 

302-0 


195 

462 

0-00305 




Mean v 

alue of k 

= 0-00558 

Final 

615 



Mean 0-00279 


Other values obtained were: 

Temperature. 163-2° 143-5° 142-3° 134-2° 133-6 125-9° 

Mean value of A:. 0-0279 0-0099 0-00947 0-00456 0-00397 0-00204* 

* Liquid supercooled. 

In calculating ky the variation in the association of the acetic 
acid vapour was not taken into account. 

In Fig. 2, the decimal logarithm of K ( = k xl0^) is plotted 
against the temperature. There is no regular deviation from a 
straight line. By the method of least squares, the following 
expression is deduced: 

logio^-0-04157(T-100)-()*7778 .... (1) 

where T’= temperature. 
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The following table shows the degree of validity of the 
expression: 


Temperature. 

K (calculated). 

K (found). 

|163-6° 

28-2 

28-7 

163-2 

27-2 

27-9 

143-6 

10-7 

9-9 

142-3 

9-66 

9-47 

136-4 

5-44 

6-68 

134-2 

4-41 

4-66 

133-6 

4-16 

3-97 

129-4 

2-78 

2-79 

125-9 

1-99 

2-04 


It may therefore be employed to calculate K for the supercooled 
liquid at points not far outside the range of temperature actually 


Fio. 2. 



126 130 136 140 146 160 166° 


Temperature 

observed, so that comparison may be made between the behaviour 
of the supercooled liquid and that of the solid. 

The solid is much lees reactive than the supercooled liquid, the 
value of k being of quite a different order of magnitude. It must 
be stated at the outset, however, that k for the solid is a much less 
well-defined constant and difficult to measure accurately, since it 
appears to be greatly influenced by traces of moisture and mode 
of preparation of the sample, which conditions are quite 
unimportant in the case of the liquid. 

It was hoped that by the use of small quantities and by work- 
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ing at temperatures above the boiling point of acetic acid, disturb¬ 
ances due to the condensation of acetic acid would be avoided. 
This was only partly realised. It was possible to measure the rate 
of decomposition of the solid acid over a considerable range, but 
not over the whole range, since at a certain point, depending on 
the temperature and the relation between the weight of malonic 
acid and the volume of the bulb, acetic acid began to condense 
and dissolve the solid. The very slow rate of reaction then 
increased, and the nature of the curve changed. Fig. 3 illustrates 
this point. The curves a and a' show the rate of decomposition 
of the solid at 125*9^ and 116*5° respectively. Curve h shows the 
rate of decomposition of the supercooled liquid at 125*9° as actually 


Fig. a. 



o. Solid at 125*9° b. Supercooled liquid at 125*9° {experimental curve). 

o'. „ 116*5° 6'. „ „ 116 6^ (calculated). 

measured, whilst curve 5' shows that of the supercooled liquid at 
116*6°, calculated from the value of k giveii by equation (1). The 
rapid increase in rate of reaction when the acetic acid begins to 
condense and dissolve the malonic acid is observable in curve a. 
An exactly similar phenomenon was later observed in the case of 
a', but the scale of the diagram does not allow it to be shown. It 
will be seen, however, from the figures given below. 

Values of k for the solid deduced from experiments of this sort 
would not be trustworthy. The following method was therefore 
adopted. Weighed quantities of malonic acid—from five to ten 
times the amounts used in the above experiments—were heated in 
vessels of accurately known volume. The initial rate of decom- 
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Temporaturo 125-9°. 

(a) Solid. (^>) Supercooled liquid. 



p expressed as 


p expressed as 


percentage of 


percentage of 

t. 

final pressure. 

t. 

final pressure. 

90 

4-7 

22 

9-1 

150 

6-9 

26 

n-4 

210 

10-8 

44 

17-9 

270 

12*6 

60 

23-3 

750 

48-7 

75 

28-2 

870 

68-7 

103 

37-3 

990 

84-8 

121 

42-0 

1110 

93-4 

149 

50-3 

1230 

97-9 

170 

55*4 

1350 

99-5 

195 

60-9 

2500 

100-0 

216 

65-3 



250 

710 



279 

75-4 



327 

81-8 



445 

92-0 



511 

97-1 



705 

100-0 



1365 

100-0 


Temperature 116-5°. 


(a) Solid. 


p expressed £is per¬ 
centage of final 


(by Liquid supercooled. 
Calculated from value 
k - 0-00081 given by 
equation (1). 


t. 

pressure. 


t. 

P- 

240 

1-2 


119 

20 

300 

2-4 


274 

40 

511 

4-05 


491 

CO 

1090 

9-5 


863 

SO 

1210 

10-7 




1390 

12-8 




1575 

15-0 





> 

Solution in 



1725 

170 

the acetic 



1948 

19*65 

acid accom¬ 



2558 

29*4 

panied by a 



2808 

34*7 

rapid in¬ 



3030 

40 3 

crease in 




y rate. 


3200 45-5 

3372 53-2 

4001 89-3 

4291 96-1 

4686 99-0 

5500 100-0 


pofdtion, conveniently expressed in c.c. of gas at N.T,P, 
per gram of malonio acid, could thus be measured without any 
reference to the later stages of the reaction. Little trouble was 
caused by acetic acid in these early stages. Slight acceleration 
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was still sometimes observed, due, presumably, to the retention of 
acetic acid by the solid. It was in all cases slight and easily 
eliminated by expressing the rate as a function of the form ax 
(where ^ = the amount of decomposition), a being quite small, 
approaching zero, Z>, the true initial rate, was obtained without 
appreciable error. In order to arrive at k from the initial rates 
thus measured without making any assumptions as to the state of 
association of acetic acid vapour, etc., an exactly similar experi¬ 
ment was carried out with the liquid acid, for which k was known. 
In this way, the factor was directly obtained for converting 
“initial rates ’ into velocity constants. 


Temperature 132*2'’. 

i 


Time in ininutos. 
2*0 
7-0 
120 
19*5 


Molten acid, ^ = 0 00364. 

s 

C.c. reduced to 
N.T.P. (assuming 
gas laws) ; calcu¬ 
lated on 1 gram 
of inalonic acid. 

4*5 

14*0 

23*8 

38*1 


that is, initial rate --- 1*92 c.c. per grain i>er minute. 


An initial rate of 1*92 c.c. per gram per minute thus corresponds 
with Z: = 0-00364, 

The following rates were determined with the carefully dried 
solid from the same preparation, and although the actual values 
cannot be regarded as indicating more than the order, for the 
reasons given above, they are of some interest. 


Table II. 


Teinperaturo 126* 3*^. 

Temperature 125-5°. 

C.c. per gram 



of malonic 



Minutes. acid. 



i. X. 

t. 

X. 

30 4*9 

90 

12-0 

90 12*4 

180 

20-8 

120 16*4 

300 

35*7 

160 19 V 

210 27-3 

270 38-4 

361 67-2 

450 

54*7 

(£).-“■=* 



. , 0 134 X 0 00364 

whence k = - - o - i 

l*9a 1 

, , 0*117 X 0-00364 

whence k - - .... 

1*9^ 

= 0-00020 

= 0*00022 
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Table II. {contirmed). 


Temperature 121*2®. 

\- / 

Temperature 117*3®. 

Minutes. 

C.c. per grain 
of inalonic 
acid. 



t. 

X. 

t. 

X. 

60 

1*8 

60 

1*9 

126 

3*6 

120 

2*8 

186 

5*4 

180 

4*1 

263 

7*4 

265 

6*5 

604 

20*6 

373 

465 

9*7 

12*8 

li 

e 

0*026 

\dt Jo 

0*0215 

whence k — 

0*026 X 0*00364 
1*92 

whence k — 

0*0215 X 0*00364 
1-92 

= 

0*000049 


0-000041 


Temperature 110-8“. 


L 

X. 

150 

1*04 

240 

1*76 

425 

3*39 


(t). - 

whence k = 


0 0065 

0'0^6j< 0 00364 
1-92' 
0000012 


Temperature. 

A; for the solid 
acid. 

k for the super¬ 
cooled liquid. 

Ratio. 

126*3® 

0*00025 

0*00207 

8 

125*6 

0*00022 

0*00192 

9 

Rejected (121*2 

0*000049 

0*00127 

26) 

117*3 

0*000041 

0*00087 

21 

110*8 

0*000012 

0*00047 

39 


From the increase in the ratio in the last column, as the tempera¬ 
ture falls it appears that the temperature-coefficient for the solid 
is much greater than that for the liquid measured over the same* 
range, so that, as the temperature decreases, the difference between 
the reactivity in the two states becomes more and more pronounced. 
One would expect the statistical energy-distribution curve of the 
solid to approach that of the liquid in the neighbourhood of the 
melting point. In criticism, it must be remarked that any impuri¬ 
ties, such as occluded solvent, would give rise to increasing amounts 
of liquid phase as the temperature approached the melting point. 
This woiild lead to an unduly large temperature-coefficient, since 
the variation, due solely to increase in temperature, would be 
superimposed on that due to the increased amount of liqidd phase. 



SOMB OBSBBVATIONS OK THE ACTIOK OF COAL, ETC. 166 


In view of the fact that the malonic acid was carefully purified 
and melted at the correct temperature, it is almost impossible that 
this would account for more than a small fraction of the increased 
temperature>coeificient. Otherwise visible amounts of liquid should 
have been observed at 125°, whilst actually no trace was noticed. 
Nevertheless, the criticism must be borne in mind until further 
experiments are made. 

The discussion of the bearing these results may have on the 
radiation hypothesis may be left until the study of the infra-red 
properties is completed. 

In conclusion, I have pleasure in thanking Mr. H. B. Hartley 
and Mr. D. H. Nagel for much help and advice. 

ParsiOAi. Chsmistby Laboratoby, 

Baixiol and Trinity Oollbqes, 

Oxford. {Received, December \%ih, 1919.] 


XXL —Some Observations on the Action of Coal 
upon a Photographic Plate. 

By Ebic Sinkinson. 

This paper is the outcome of an attempt to discover what con¬ 
stituent of the coal substance is responsible for its well-known 
action on a photographic plate in the dark. 

W. J. Russell (iVoc. Roy. Soc., 1908, [B], 80, 376) found (1) 
that coal and resin (among other substances), when placed on or 
near a sensitised plate in the dark for varying periods of time, 
reacted in such a way that, on developing the plate, an image was 
obtained, (2) that such action is dependent on the presence of air 
or oxygen, and (3) that it also requires direct contact between coal 
and tile plate. The interposition of glass, mica, or metal between 
the two will prevent it. 

Clark, Wheeler, and Platt (T., 1913, 103, 1713) employed the 
method to show that oelluloee has no action on a photographic plate, 
and from this concluded that the portion soluble in pyridine con¬ 
tained the resinic constituent of the coal substance, because it acted 
intensely. By treating the part soluble in pyridine with chloro' 
form, the extract obtained was found to produce an image on a 
plate, whilst the residue gave no image. They conoluded, therefore, 

VOL. oxvn. H 
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that the chloroform extract contained the resinio, and the residues 
the cellulosic, portions of the coal substance. The results of the 
experiments recorded in this paper throw doubt on this conclusion. 
Stopes has also shown that, of what she has termed the three visible 
ingredients of a banded, bituminous coal, namely, durain, clarain, 
and vitraiii i^l^roc. Hot/, iSoc.,, 1919, [2^], 90 , 470), the last-named 
has the strongest action on a photographic plate. 

E XPER I MENTAL. 

As already stated, the action of coal on a photographic plate 
depends on the presence of oxygen. Thus, if a piece of coal is 
placed on a plate in a light-tight box and all the air displaced by 
nitrogen, no action will result, even after a period of twenty-four 
hours at 40^. Eurther, a small quantity of water vapour will 
prevent any action, even in the presence of air. Moreover, if the 
box is exhausted, no image can be obtained. 

In order to decide whether the said effect of oxygen is caused 
by some actual oxidation of the coal substance or by some specific 
action on the plate, it was found that light will affect a plate 
enveloped in nitrogen apparently to the same extent as in air. 
Therefore it would appear that the presence of oxygen is essential 
to the action of coal, but not to that of light. 

A series of experiments was also carried out on a Brodsworth 
^'soff coal in order to find whether the continued exposure of it 
in an atmosphere of oxygen at 40° would reduce its power of 
affecting a photographic plate. The samples were exposed to 
oxygen in both blue- and red-tinted bottles, and also to strong white 
light, in order to see whether the rate of absorption was altered. 
This was not so; even in bottles covered with “Berlin black” the 
rate of absorption of oxygen was approximately the same as in 
plain white bottles. The coal, when completely saturated with 
oxygen, was placed on a photographic plate side by side with an 
untreated sample. The latter undoubtedly gave the more intense 
image on development of the plate. This would indicate that the 
absorption of oxygen is part of the mechanism of the action of coal 
on a photographic plate. 

Russell tentatively suggested that the production of hydrogen 
peroxide may be responsible for the change in the photographic 
plate, because the effect can be imitated by a suitable application 
of it to a plate. 

So far, it has been impossible to find a test sufficiently delicate 
or decisive to confirm his suggestions. Daylight in the fiftieth of 
a second can bring about a result far greater than that of ooal 
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acting for a period of twelve hours. The minute quantity of 
substance in the sensitive medium of the plate involved in the 
reaction renders the difficulty of detecting a cause obvious. 

It seemed first of all necessary to inquire into the stability at 
high temperatures of the constituents of the coal that can react 
on a photographic plate in the dark, and the following describes 
how this information was obtained. 

A, 

A sample of Man vers Main coal (containing 5'7 per cent, of 
water) was ground and dried at 105^ in the usual way, and 15 grams 
were introduced into a distillation tube closed at one end. The 
open end was closed by a stopper, through which was fixed a 
delivery tube connected with an aspirator filled with a mixture of 
glycerol and water; a manometer was inserted to indicate the 
slightly reduced pressure maintained throughout the carbonisation. 

The distillation tul>e and connexions were exhausted, and heat 
was applied by a gas furnace, the temperature of which was 
measured by a platinum-rhodium-platinum thermo-couple. The 
first experiment was made at 300®, and this was considered com¬ 
plete when no more volatile matters were expelled, that is, when 
gas ceased to be evolved; this took about six hours. 

Similar experiments were made at 500®, 700®, and 1000®, the 
last being in a porcelain tube. 

The residue was removed from the tubes in turn, ground to a 
coarse powder, and placed on a photographic plate in small heaps 
covered by inverted porcelain crucibles. 

The plate* was enclosed in a light-tight box and warmed in an 
incubator to 40® for twenty-four hours. It was then developed, 
with the result shown in the illustration. 

(a) The dry sample givOvS the most intense image, the undried 
being slightly less in comparison. 

♦ An investigation was made to determine which t3q>e and speed of plate 
was moat suitable for this work. In order to do this a large piece of coal 
was selected and smaller pieces of similar structure were broken from it 
and the surfaces rubbed flat. These were placed each on a different plate 
in a light-tight box which was wanned in an incubator for twenty-four hours. 
The plates used were Ilford “ Monarch/* Ordinary, Process, Chromatic^ 
Panchromatic, Super Speed Ortho, and X-Ray. The Chromatic or Pern- 
chromatic gave no image. The Ordinary gave a poor image. Super Speed 
Ortho gave a fairly good one, but the best was obtained with an X-Ray 
plate. The only difference apparently between an X-Ray plate and the other 
type is that it has a slightly thicker film. Accordingly, the X-Ray type 
of plate was chosen for this work. 

H 2 
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(b) The sample heated to 300° has muoh lees effect; at 600° there 
is only very slight evidence of any action. 

(c) At 700° and 1000° no action can be detected. 

The black ring, so evident in the dried and undried original 
samples, is undoubtedly producer! by the vapour ” pouring from 
the coal, as noted both by Russell and Wheeler under similar 
conditions. 


R. 

It became necessary at this stage to study the action of coal 
heated to temperatures in the region of 500°; for the first series 
of experiments, which were repeated several times with different 
coals, establish the fact that the reactive principle is still present 
in the coal at this temperature. 

Accordingly, the working temperatures chosen were 450°, 500°, 
and 550°. In order to make the investigation more coinpre 
hensive, coals of widely divergent origin were carbonised at these 
temperatures under exactly similar conditions, as follows: 

(1) Two Spanish (coking and non-coking) bituminous coals of 
similar composition (kindly placed at my disposal by Prof. W. A. 
Bone), and 

(2) Hamstead coal (Birmingham) and the ingredients of it, 
namely, durain, clai’ain, and vitrain, investigated by Stopes {loc. 
cit.)* 

The two Spanish and the JIamstead coals, together with the 
ingredients of the last, were pulverised and dried. The six were 
then carbonised at the successive temperatures 450°, 500°, and 550°, 
as follows. 

A weighed sample of each was placed in one of six separate hard 
glass tubes closed at one end, so as to form a retort, the open end 
being closed by a rubber stopper carrying a delivery tube. The 
six delivery tubes were connected to a common main, and so to a 
gasholder filled with glycerol and water. The whole of the gaseous 
products then entered the gasholder, which served to maintain an 
even reduction of pressure in all the distillation tubes. 

The tubes were heated together in an electric muffle furnace at 
the desired temperatures until all the volatile matter had been 
removed, for six hours as before. The temperature was measured 
by a calibrated platinum-rhodium-platinum thermo-couple. 

• “ Durain ** is the equivalent of dull ” hard coal or the “ Mattkohlo 
of the Germans. 

“ Clarain ’* and “ Vitrain ” are the equivalent of “ bright or glance 
Ooal» the “ Glanzkohle of the Germans. 

•• *^train ** gives a conchoidal fracture, brilliant in appea'ance. 








it rain. 


(>, ('htrain. 
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In this manner, the coals were carbonised under exactly com¬ 
parable conditions at the three seleete<l temperatures. 

The residues were coarsely powdered and placed in turn on 
photographic plates, six heaps on each plate. The plates were 
Contained in cardboard boxes, and these were placed in a specially 
constructed light-tight box, so that the carbonised products of the 
coals could be subjected t/O strictly comparable conditions. 

The box was placed in an incubator, maintained at 37°, for three 
weeks, after which time the plates were removed and developed 
together at the same temperature. In order to give a positive 
effec-t on the ])rints, the plates were ''printe<l ” on to other plates, 
from which ihe illustrations shown were taken. 


Ducmsion of BesultR. 

The coals and separate ingredients carbonised at 450° give images 
on a photographic plate in the dark, but at 500° the effects are 
not so intense, although in some cases, such as Hamstead and 
durain, there is a decided diminution of effect. 

For a carbonising temperature of 550° the effect is not per¬ 
ceptible, except perhaps in the case of the Hamstead. which is just 
perceptible. The critical point lies between 500° and 550° 

At 450° vitrain undoubtedly gives relatively the most int>ense 
image ; at 500° this dies away rapidly. 

Clarain is next in intensity, and also diminishes at 500°. Durain 
is less intense than either vitrain or clarain at a carbonising 
temperature of 450°, and dies away rapidly at 500°. 

The order of these intensities bears out what Rtopes found for 
these ingredients at the ordinary temperature. 

The Hamstead coal carbonised at 450° gives the same order of 
intensity as durain, perhaps a little less marked, and this effect 
dies away rapidly at 500°, but is still faintly perceptible at 550°. 

The Spanish coking and non-coking coal give similar degrees of 
intensity at 450°, but, unlike the others, the effect persists more 
strongly at 500°. They show, however, no trace of effect at 550°. 

Russelks failure to obtain an image on a photographic plate 
from a coal which had been heated at 200° for twenty-four hours, 
a ]>eriod far beyond that required tc expel completely the volatile 
matters at that temperature, raises an interesting point in con¬ 
nexion with the destruction of the coking properties of coal by 
continued heating. De Marsilly in 1857 found that all coking 
coals lost their property of forming coke after being heated at 
300° for some time. Anderson explains this by assuming the 
presence of a ''resinoid'’ substance responsible for the coherence 
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of a coking coal. If, then, it be true that a resinic substance is 
responsible for the coking property of a coking coal, which can be 
destroyed by continued heating, also that the reactivity to a photo¬ 
graphic plate can be traced to the same principle, the cause is 
explained. 

In the present series of ex])eriments, the coking coals, namely, 
the Spanish, carbonised at 500*^, gave quite a good coke after heat¬ 
ing for six hours, a time sufficiently long to expel all the volatile 
matters at that temperature. 

Since r(‘sin has a similar effect to coal on a plate, and c^al is 
known to contain resin, it might be considered reasonable to con¬ 
clude that resin in coal is the activating agent towards the plate. 

This conclusion was contradicted when, during the course of an 
unpublished research in conjunction with Prof. Bone, the author 
found that the pure resin, or, more ])recisely, the resen portion 
of resin, produces no effect on a photographic plate in the dark. 

Clark, Wheeler, and Platt obtained an intense effect from the 
pyridine extract of a coal, and this is believed to contain, among 
other substances, the resinic constituents. It would seem, therefore, 
that in the pyridine extract is to be found the ingredient causing the 
action on a jffiotographic ])late, and the remaining constituents of 
this extract, other than the resen, should be responsible for this 
effect. 

This question is now under investigation. 

I 

In conclusion, the author desires to record his best thanks to 
Prof. W. A. Bone for his interest in the work; to I)rs. Wheeler 
and Slopes for the loan of the specimens of Hamstead coal; to Dr. 
Slopes, in addition, for the s[)ecimens of dnrain, clarain, and 
vitrain; and to Mr, Ernest Bury, M.Sc., for granting him certain 
facilities at the Skinningrove Iron Company’s works for the 
prosecution of the work during July and August, 1919. 

Impkktal Couleob of Science and Technolocy, 

South Kensington, S.W. 7. [ Bvcem'dy Fchrunrij 2n(l, 1920.] 
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XXTI .—The Sorption of Hydrogen by Palladium at 
Low Temperatures. 

By Jamf.s Brtehley Firth. 

In a previous communication (FTolt, Edgar, and Firth, Zeitsch. 
physikal. 1913, 82 , 513), a summary of the views held on 

the sorption of hydrogen by palladium is given. The view is also 
advanced that sorption takes place through an amorphous metallic 
phase, which acts as a carrier for the hydrogen to the crystalline 
metal. Further, the activity of the palladium is determined by 
the ])resence of the amorphous variety on the film. This amorphous 
variety is metastable, hence the decay in activity is due to the dis¬ 
appearance of this variety. It can be reproduced on the surface 
by heating to a red heat in a vacuum or in hydrogen, or by 
o.x'idising the surface and then reducing the oxide in hydrogen ; the 
activity of the palladium can therefore usually be renewed by one 
of these metho<is. 

Andrew and Holt (/Voc. Ro//. Sor., 1913, [d |, 89 , ITOb from a 
consideration of the heating and cooling curves in hvdrogen, find 
further evidence of two states of the metal. The ra]>id occlusion 
of this gas is attributed to the presence of the amorphous variety. 
In abseiK'e of tlu'^ amorphous film, the ])alladium may be quite 
])assive in the cold, or at any rate the sor])tion mav be exceedingly 
slow. At temperatures above 100°, no matter whether the 
palladium }>e originally passive or a(‘tive, a rapid occlusion of a 
small amount of hydrogen invariably takes })lace. At temperatures 
above all forms of j^alladiiim have equal athnitv for the ga^. 

TIalla (^ Zrifsr / i . plu / aikdl . 1914, 86, 496), in a critic-ism of 

the above two communications, expresses the view that the 
jialladiurn, characterised by Graham as inactive, is not really 
inactive, but apparently so owing to a film of occluded oxygen on 
the surface. 

Holt {Proc. Roy. Soc., 1914, [d], 90 , 226), from a study of the 
rate of solution of hydrogen by palladium, draws the following 
conclusion : “ The rate of solution of hydrogen by palladium is not 
a simple function of the concentration of the gas in the metal. The 
rate curves consist of two portions (except in the case of palladium 
black), which liave been interpreted as referring to solution in two 
different forms of the metal. The smooth rate curve for palladium 
black is taken to mean complete absence of one of these forms.’’ 
Paal and Amberger {Ber., 1905, 38 , 1394) determined the 
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occlusion of hydrogen by palladium black at —10^ by heating in 
hydrogen at 110*^ and cooling to —10'^, and found the amount of 
hydrogen considerably increased. 

Gutbier, Gebhardt, and Ottenstein (7?cr., 1913, 46 , 1453), by 
the same method as Paal and Amberger, determined the occlusion 
down to —50^, and found occlusion considerably increased with 
diminution of temperature. 

Sieverts (Zeitfich. ph?/siknl. Chem., 1914 , 88, 105), in two com¬ 
munications, shows that from 100'^ to 1500° occlusion diminishes 
with rise of temperature. Palladium black at 137° occludes larger 
volumes than foil at the same temperature. At higher tempera¬ 
tures, amorphous and crystalline palladium occlude hydrogen by 
solution merely; at lower temperatures, amorphous palladium takes 
up further quantities by adsorption. 

S. Schmidt (Ann. Physik^ 1904, [iv], 13 , 747) finds that at 
temperatures between 140° and 300° the volume of hydrogen 
occluded increases with fall of temperature; below 140°, the results 
were not concordant. 

Partington (Trans. Faraday Foe., 1919, 14 , 259) calculates the 
heat of dissociation of hydrogen from the dissociation pressures of 
''palladium hydride’' given by Troost and Hautefeuille 
rend., 1874, 78 , G86), and obtains the value 4568 gram-calories, 
which is in close agreement with the experimental value, 4672, 
obtained by Mond, Ramsay, and Shields (Trans. Pay. Foe., 1898, 
[A], 191 , 105). 

The object of the experiments described in the present com¬ 
munication was to study the activity of palladium at low tempera¬ 
tures, in particular at the temperature of liquid air and at 0°, and, 
so far as possible, to determine the equilibrium pressures under 
these conditions. Previous investigators have apparently had as 
their object the maximum volumes which can be occluded by 
palladium at low temperatures, and have started occlusion at some 
higher temperature and cooled the palladium to the required 
temperature (compare Paal and Amberger). In the present work, 
the maximum occlusion attainable was not given any special con¬ 
sideration. It is the opinion of the author that the existence of 
at least two allotropic modifications of palladium has already been 
proved, namely, a-, or amorphous, palladium, and i3-, or crystal¬ 
line, palladium. The a-form is highly active, and is responsible for 
rapid occlusion at temperatures up to about 150°; it is further 
capable of acting as a carrier to the jS-variety, which may be com¬ 
pletely passive or moderately active, according to conditions of 
temperature. 

The term adsorption'' is used to indicate rapid occlusion of 



PALLADIUM AT LOW TEMPERATURES. 


173 


hydrogen, that is, where diffusion is not a determinable factor. 
•‘Absorption"’ denotes the slower process, in which the rate of 
diffusion or solution is a determinable factor. “ Sorption ” is used 
as a collective term, and includes adsorption and absorption 
(compare McBain, Vkil. Mag.y 1909, [vi], 18 , 916). 

Exper imental. 

The apparatus used is indicated in Fig. 1. Bulbs I and II are 
of quartz, and contain the palladium, each bulb being connected 
to a separate manometer. A and B are reservoir bulbs of about 
1^50 c.c. capacity. C is a large bulb of about 1 litre capacity used 
as a reservoir for hydrogen. 

The hydrogen was prepared by the electrolysis of barium hydr- 


Fig. 1. 



oxide in U-tube Z>, and dried by passing through tubes E and F 
containing phosphoric oxide. 

The apparatus can be exhausted through tube which is con¬ 
nected with a Toepler pump, H being a drying tube containing 
phosphoric oxide. Bulbs I and II were immersed in cooling baths 
to h and h’ respectively. 

The palladium foil used in these experiments was from the same 
sample as that employed in the previous research (Holt, Edgar, 
and Firth, Zeitsch. pht/sikal. Chern.^ 1913, 82 , 513). 

Bulb I contained 1'0075 grams of palladium foil, and bulb II 
1*0100 grams. 

(a) The palladium, as received, was exposed in bulb I to hydrogen 
at the ordinary temperature (16*8°) and atmospheric pressure 
(768 mm.). Bulb II waw immersed in liquid air, and then hydrogen 
admitted to atmospheric pressure. 
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The manometer remained at zero for more than four hours, no 
hydrogen being sorbed in either case, that is, the palladium was 
inactive. 

(6) The palladium in bulbs I and II was heated to a red heat 
in a vacuum for about five minutes, bulb II was then immersed 
in liquid air, and bulb I kept at the ordinary temperature (16*4^), 
both samples being exposed to hydrogen under atmospheric pressure 
(757 mm.). After four hours, the liquid air was removed, and 
both samples were left in contact with hydrogen overnight at the 
ordinary temperature. Next morning, the amount of hydrogen 
sorbed by 1 volume of palladium (volumes of hydrogen corrected to 
N.T.P.) was as follows: 

Bulb I, 10 vols. Bulb II, 0 vol. 

(c) Experiment (5) was repeated, with the following result: 

Bulb I, 12 vols. Bulb II, 3 vols. (approx.). 

{d) The palladium in bulbs I and II was heated to a red heat 
in a vacuum for one hour, and then exposed to hydrogen exactly 
as in (5). Result: 

Bulb I, 14 vols. Bulb II, 3 5 vols. 

From the above results, it appears that heating in a vacuum has 
failed to activate the palladium to any great degree, and, further, 
the sample immersed in liquid air always gave a lower result. 

(e) The palladium from each bulb was then transferred to a 
crucible and heated in air for two hours in order to coat it with 
a thin film of oxide, the palladium then being returned to the 
bulbs. The bulbs were exhausted, bulb II was immersed in liquid 
air and then exposed to hydrogen at atmospheric pressure, and 
bulb I exposed to hydrogen at the ordinary temperature (15*8°) 
and atmospheric pressure (758 mm.). Result: 


BuiiB I. 

Hydrogen rapidly sorbed: 

10 mins. 240 vols. 

11 mins. 432 „ 

Next morning ... 684 », 


Bxtlb it. 

No hydrogen sorbed while in liquid air 
(6 hours). After 0 hours, liquid-air bath 
removed, no sorption took place for 25 
minutes, then sorption began, slowly at 
first, with inoreasi^ rapidity. 

30 mins, after removm of liquid air . 10 vols. 
35 „ ,, ,, 37 „ 

40 „ ,, ,, 108 „ 

45 ,, ,, ,, 227 ,, 

Next morning . 525 „ 


(/) The palladium in bulb 11 was oxidised by heating in air for 
two hours and the bulb exhausted. About 1 o.c. of hydrogen was 
admitted to reduce the oxide, and ^e bulb again exhaust. It 
was then immersed in liquid air and hydrogen admitted to atmo- 
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spheric pressure. No sorption took place during a period of six 
hours, when the liquid air was removed and the palladium allowed 
to attain the ordinary temperature. After thirty-two minutes, 
sorption began, and finally 742 volumes were sorbed. 

{g) The palladium in bulb I was oxidised by heating in air for 
two hours, and then exposed to hydrogen under atmospheric 
pressure. Hydrogen was taken up immediately, and, after 377 
volumes had been sorbed, the bulb was immersed in liquid air, with 
the result that sorption ceased; after three hours, the liquid-air 
bath was removed and the palladium allowed to attain the ordinary 
temperature. After ten minutes, hydrogen was rapidly sorbed, 
and finally 798 volumes were taken up. 

After expelling the hydrogen from the palladium in each case 
at a dull red heat, and when the palladium had again reached the 
ordinary temperature, the samples were immediately exposed to 
hydrogen, but no sorption took place, even after a period of two 
days, therefore the palladium had become inactive. 

From the above experiments, it would appear {a) that active 
palladium is ‘^inactive** at liquid-air temperature; (?>) that the 
immersion in liquid air tends to retard the activity at the ordinary 
temperature, and to some extent to lower the sorption value. 

The film of oxide on the palladium did not appear to have been 
removed while in the liquid-air bath in experiment (<?). 

In order to determine more fully the influence of liquid air on 
the activity of palladium, the following experiments were made. 

Before each experiment, the palladium was activated by heating 
it in air for two hours, thus becoming coated with a thin film of 
oxide. The only difference between each experiment was in the 
length of time of cooling at liquid-air temperature. After the 
removal of the liquid air, the bulb was dried externally, and, after 
a lapse of five minutes, exposed to hydrogen at the ordinary 
temperature and atmospheric pressure. The rates of sorption were 
then observed, and the results obtained are shown graphically in 
Pig. 2. The first curve is the normal curve, the palladium having 
been exposed to hydrogen at the ordinary temperature (16*5°) with¬ 
out any previous cooling. Curves II, III, ly, and V represent the 
results after previous cooling in liquid air for one, three, six, and 
nine hours respectively. On comparing the results, it appears that 
there is a definite *'lag’' in the activity of the palladium after 
cooling in liquid air, and, further, the longer the periods of cool¬ 
ing the longer is the When the sorption does commence, it 

is very slow at first, but soon becomes normal. 

From the foregoing experiments, it would appear that not only 
is the palladium, wUch is active at the ordinary temperature, 

H* 2 
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inactive at liqiiid>air temperature, but on returning to the ordinary 
temperature it is temporarily passive to hydrogen, the period of 
passivity depending on the duration of cooling. It is clear that 
this passive condition of palladium is different from the variety 


Fig. 2. 



20 40 60 80 100 120 140 160 180 200 

Time in mimUee* 

which is '' dead/* i^^peotive of the time of contact with hydrogen, 
since it returns to iibrmal activity. 

In order to delay the transformation from the ** passive to the 
active^' condition, another series of experiments was made which 
differs from the series just described only in the temperature at 
which the palladium was exposed to hydrogen. Iii this series^ the 
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palladium was placed in a bath of melting ioe immediately tm 
removal of the liquid-air bath. These experiments were carried 
out in bulb I, and simultaneously a second series in bulb II was 
carried out in which the; palladium was cooled in an ice-bath for 


Fio. 3. 



lea bath only. 


the same period as bulb I was cooled in liquid air before exposing 
to hydrogen at 0<^. The results obtuned in both oases are shown 
graphioally in Kg. 3. Commencing from the left of the diagram, 
the continuous curves represent tiw results after cooling with liquid 
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air far an©, three, six, and nine hanrs, respectively, prior to 
exposure to hydrogen at 0°. 

The broken curves represent the results after cooling at 09 for 
one, three, six, and nine hoursj respectively, prior to exposure to 
hydrogen at 0®. 

From these results, it would appear that not only does the ice- 
bath increase the period of passivity of the palladium after cooling 
in liquid air, but also the palladium becomes passive after cooling 
at 0^. After a time, however, sorption begins, even at 0°; the rate 
is very slow at first, but finally reaches a normal one. 

In all cases, the period of lag increases with time of previous 
cooling. 

Further experiments were made in which additional precautions 
were taken and any disturbing factors eliminated so far as possible. 

It was observed that several of the pieces of foil were very much 
pitted by repeated use, so fresh pieces of foil, each about 0*25 
sq. cm., with smooth surfaces were selected. 

T0105 Grams of foil were oxidised by heating in air for four 
hours in order to obtain a uniform film, and then carefully intro¬ 
duced into bulb I, and again heated in air to oxidise any portion 
which had been accidentally rubbed while being transferred to the 
quartz bulb. The bulb was exhausted and cooled in a double ice- 
bath for twenty-four hours, after which period hydrogen was care-^ 
fully admitted. Care was taken to eliminate any vibration by 
avoiding unnecessary movement in the vicinity of the apparatus 
and by not disturbing the apparatus during the replenishing of the 
ice-baths. 

By taking all conceivable care, a permanent period of inactivity 
seemed to be obtained. The palladium remained inactive for forty- 
eight hours, after which the activity under ordinary conditions was 
tested by the removal of the ice-bath. The palladium remained 
inactive for a further period of 145 minutes, after which sorption 
began, the rat© being slow at first. The results were as follows: 

145 mins. 0*0 vol. 

175 „ 10-3 vols, 

190 „ 98*6 „ 

195 . 187*8 „ 

Final . 778*6 vols. (excluding initial adsorption! 

Several attempts were made to repeat this experiment, and four 
consecutive experiments gave the following periods of passivity : 
(a) 5 hours; (b) 3 hours 37 minutes; (c) 48 hours; (d) 7 hours 
11 minutes. In experiment (c), the passivity was considered per¬ 
manent, and the ice-bath was removed at the end of two days. 
The final volumes sorbed in the above cases were: (a) 810 vols.; 
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(b) 806 vola.; (c) 803 vols.; (d) 792 vols.* Why sorption com¬ 
menced in experiments (a), (6), and (d) is not quite clear from the 
present information, but possibly some local disturbance occurred. 

In all experiments at 0^, the oxide appeared to be reduced 
immediately on admission of hydrogen. In order to test this point, 
a further series of experiments was performed in which the oxide 
was first reduced by admitting 1 c.c. of hydrogen before cooling 
to 0^, exhausting as completely as possible, and cooling at 0^ for 
twelve hours before admitting hydrogen. The periods of passivity 
in five experiments were: (a) 7 hours 10 minutes; (b) 46 minutes; 

(c) 26 hours 19 minutes; (d) 15 hours 42 minutes; (c) 11 hours 
17 minutes. 

The volumes sorbed were: (a) 812 vols.; (b) 819 vols.; (c) 807 
vols.; (d) 798 vols.; (e) 817 vols.* 

The palladium in bulb I was heated in air for two days; the 
oxide film was reduced by admitting 1 c.c. of hydrogen, and then 
allowed to remain for two days at the ordinary temperature in a 
vacuum. Hydrogen was then admitted at the ordinary tempera¬ 
ture and atmospheric pressure (757 mm.). The gas was slowly 
sorbed, and, after twenty-four hours, only 227 volumes of gas had 
been occluded. Hence the a-variety had been largely transformed 
into the jS-variety. 

In order to test further the reduction of palladium oxide at 0®, 
0*5 gram of palladium oxide was cooled in bulb I for one hour, and 
then exposed to hydrogen. The oxide was instantly reduced. 

In -the experiments previously described, the hydrogen was 
admitted until atmospheric pressure was reached, an operation 
which only took a few seconds, but rapid adsorption (if any) would 
take place during the admission of the hydrogen and would not be 
recorded on the manometer. In order to determine the extent of 
such adsorption, the following experiments were made. 

(a) 1*0150 Grams of inactive palladium were exposed to hydrogen 
at 16*7° and atmospheric pressure (758 mm.). The bulb was 
immersed in liquid air, when the manometer rose rapidly, and then 
remained steady. Hydrogen was next admitted until the pressure 
was atmospheric. The bulb was then opened to the pump and the 
liquid-air bath removed, the hydrogen being pumped off and 
measured. After correcting for adsorption by the wall of the 
quartz bulb (from a blank experiment), it was found that 143*9 
volumes of hydrogen had been adsorbed. 

(b) The palladium was rendered active by oxidising the film in 
air. It was then cooled to liquid-air temperature and exposed to 

^Excluding the initial adsorption which took place immediately on 
admittliig hydrogen. 
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hydrogen under atmospheric pressure. The volume of gas adsorbed 
was measured as before. On attaining the ordinary temperature, 
some of the gas passed into the interior of the metal, and the last 
traces of hydrogen were removed by heating to a dull red heat. 
The volume of the gas corresponded with an adsorption of 317 
volumes. 

(c) Similar experiments at 0® gave adsorptions of 17*6 vols. 
and 45 vols. respectively. In the case of active palladium, measure¬ 
ment was made after fifteen minutes and before any apparent 
diffusion into the interior of the metal had taken place. 

{d) Palladium activated by oxidising in air was saturated with 
hydrogen at the ordinary temperature and atmospheric pressure, 
and approximately 815 vols. were taken up. The palladium was 
then cooled in liquid air, the hydrogen being maintained under 
attnospheric pressure. The total gas was measured as before, the 
last portion of hydrogen being evolved by heating to a dull red 
heat. Hydrogen corresponding with a sorption of 1156 vols. was 
collected, being an addition of 341 vols., due to cooling. 

(e) A similar experiment at 0® gave an increase of 74*5 vpls. 
over that sorbed at the ordinary temperature. 

(/) Active palladium was saturated with hydrogen at liquid-air 
temperature, as described in experiment {d)y and as much as possible 
was removed while at liquid-air temperature. After pumping off 
the gas for six hours, 415 vols. of gas were removed, and the mano¬ 
meter registered a vacuum. After remaining for one hour, no 
change in pressure was observed, and it was not possible to pump 
off measurable quantities of gas at this temperature within a 
reasonable time. On removing the liquid-air bath and heating to 
redness, 727 vols. of gas were evolved. 

{g) Active palladium was cooled in a freezing mixture at —11® 
in a vacuum for thirty minutes, and then exposed to hydrogen 
under atmospheric pressure. No absorption took place after twelve 
hours^ contact, and 117 vols. of hydrogen were adsorbed. 

(h) Active palladium saturated with hydrogen at 15*7®, then 
cooled in a freezing mixture to —11®, gave a total sorption of 
987 vols. 


Determination of EqiMihrkim Pressures at 0®. 

The palladium was oxidised by heating in air for thirty minutes, 
the bulb immersed in an ice-bath, and, after ten minutes, exposed 
to successive quantities of hydrogen, ^uilibrium being attained 
after each addition. 

On the first addition there was a lag of twenty-three minutes, 
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on the second addition a lag of three minutee, but on each sub¬ 
sequent addition sorption began immediately. 

The results are given in table I, and are shown graphically by 
curve AB in Fig. 4. 


Table I. 


C.c. of gas occluded by 1 vol. of 

metal . 

Equilibrium pressure in mm.... 

VPab . 

Pa a* . 

P^abIV . 

C.c. of gas occluded by 1 vol. of 

metal. 

Equilibrium pressure in mm. ... 

P^AlilV . 


55-8 

116-2 

782-5 

260-6 

336-8 

6-5 

8-4 

10-5 

12-75 

14-8 

— 

2-92 

3-24 

3-57 

3-87 

— 

1-9 

3-0 

3-2 

3-7 


0-6082 

0-6057 

0-6243 

0-6501 

405-4 

460-4 

544-3 

571-6 

613-5 

26-5 

36-3 

72-8 

87-5 

105-9 

5-15 

6-02 

8-53 

9-35 

_ 

4-6 

5-6 

8-4 

9-6 

— 

1-734 

2-828 

9-7 

13-4 

— 


From graph AO Fig. 4. 


The hydrogen was then removed in successive stages and the 
“ equilibrium ” pressure determined after each removal. The 
results are given in table II and shown graphically by curve AC 
in Fig. 4. 


Table II. 


C.c. of gas oc¬ 
cluded by 1 
vol. of metal 
Equilibrium 
pressure in 
mm. 


613-5 597-1 576-6 525-2 452-1 376-5 297-9 212-1 163-1 94-8 
105-9 18-2 10-2 7-6 5-8 4-4 3-5 3-1 2-5 1-5 


It will be observed that for the same concentration of hydrogen 
there are two equilibriumpressures, and a similar result was 
obtained by Holt, Edgar, and Firth (Zeitsch. physikal, Chem.y 
1913, 82, 513). In this case, the difference in the two cases is 
not so marked. The curve ^5 at 100^ showed no horizontal por¬ 
tion, and was not in any way similar to AC^ whereas at 0° the 
results give similar curves. 

The curve AB may be taken to represent the equilibrium 
pressures of ** adsorbed ” hydrogen, and AC (lower portion) that of 
the absorbed " hydrogen. 

The relationship between the two sets of results may be 
approximately represented thus: 

yp.c or 

In table I values for P^^niy given, and the results show that 
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below 400 vols. the value approaches a constant; samilarly, P^Aciy 
would approach the same constant. These results would indicate 
a difference in molecular complexity between the hydrogen in the 
surface layer and that in the interior of the metal. 

Fia. 4. 


100 


80 


60 

P 


i 


40 



Gonclusions, 

The inactivity of the palladium used in the first three experi¬ 
ments cannot be reasonably attributed to the presence of a film of 
oxygen, as suggested by Halla, since in the second and third experi- 
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manta a small amount of hydrogen was occluded and expelled by 
heat, which would remove the last traces of oxygen. 

Sieverts and others have shown that at high temperatures the 
occlusion of hydrogen is one of simple solution, or “absorption,"' 
whilst the experiments herein described show that at low tempera¬ 
tures “ adsorption" only takes place. The limiting temperature 
for diffusion into the interior is probably about 0°. Where the 
palladium has been previously saturated with hydrogen and cooled 
to a temperature below 0°, the increase in volume is due to 
adsorption. 

The conclusions may be briefly stated thus: 

(a) Below 0®, adsorption only. 

(b) 0—150®, adsorption followed by absorption. 

(c) Above 150®, absorption only. 

Thu Chemical Department, 

University College, 

Nottingham. {Received, December \2th, 1919.] 


XXIII .—The Interaction of Chlorine and Marsh 
Gas under the Influence of Light. The Con¬ 
version of Methyl Chloride to Methyl Alcohol and 
Methyl Acetate. 

By John Reginald Harvey Whiston. 

The photochemical interaction of chlorine and methane has been 
the subject of several investigations. Frankland {Quart, Journ, 
Chem, Sac., 1850, 3 , 338), who first studied the reaction, believed 
that the principal product was methyl chloride when equal volumes 
of the two gases were taken, and principally methylene dichloride 
when the volume of the chlorine was twice that of the methane. 
Berthelot {Ann. (Jhim. Phys., 1858, [iii], 62, 97) stated that one- 
third of the residue obtains! after the removal of hydrogen chloride 
from the products of interaction of equal volumes of methane and 
chlorine in diffused daylight was methyl chloride. J. Walter 
(D.R.-P. 222919) has patented a method of chlorinating methane 
under the action of light, whilst C. W. Bedford {J. Ind. Eng. 
Chem., 1916, 10 , 1090) effects the chlorination of natural gas in a 
chamber containing ice with light from the white flame arc. The 
latter investigator states that the principal liquid products of the 
reaction are methylene dichloride and chloroform, up to 40 per 
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cent, af methyl chloride being present in the gases removed from 
the chamber after the reaction has been proceeding for a few 
minutes. 

The present work was originally undertaken in order to deter¬ 
mine whether it was possible to convert a sufficiently large propor¬ 
tion of the chlorine into methyl chloride to employ the reaction 
as an economic method of synthesising methyl alcohol on the large 
scale, as it has been shown by D. L. Chapman that methyl chloride 
can be almost quantitatively hydrolysed to methyl alcohol under 
the proper conditions. It was found, however, that not more than 
25 per cent, of the chlorine forms methyl chloride in a mixture of 
2f volumes of methane to 1 volume of chlorine, and only 10—13 
per cent, in a mixture of equal volumes. 


Experimental. 

In the first series of experiments, natural gas from a blower in 
South Wales, containing a high percentage of methane, and com¬ 
mercial liquid chlorine were used, no attempt being made to purify 
them, except that they were dried, the marsh gas by passage through 
a long tube of calcium chloride, the chlorine by concentrated 
sulphuric acid Preliminary experiments made with mixtures of 
marsh gas and chlorine in the ratio 2:1 showed that there was no 
combination in the dark, a slow combination under the influence 
of light from an ordinary 60-watt metallic filament lamp placed 
30 cm. from the reaction vessel, and a mudi more rapid com¬ 
bination if an arc light was used. It was incidentally observed 
that if the gases contained a very small amount of nitrosyl chloride, 
practically no action took place, even in the strongest light. 

The quantitative estimation of the methyl chloride produced in 
the photochemical interaction of measured volumes of chlorine and 
marsh gas was effected with the aid of the apparatus depicted 
on p. 185. 

Method of Separation of the Products of the Reaction .—The 
hydrogen chloride formed was easily removed by circulation through 
the tubes of soda-lime. The separation of the methyl diloride 
from the higher chlorinated products was more difficult, but 
advantage was taken of the large difference between the boiling 
points of methyl chloride and these other products, the various 
boiling points being: 


Methyl chloride .. —24*1® 

Methylene diohloride . 41*0® 

Chloroform . 01*2® 

Carbon tetrachloride.. 70‘7® 
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The method adopted, therefore, was to condense the methylene 
dichloride, chloroform, and carbon tetrachloride in the small con¬ 
densing apparatus by a freeadng mixture of carbon dioxide and 
ether and then to raise the temperature of the condensing apparatus 
to 0°, when any condensed methyl chloride evaporates, and this, 
together with the uncondensed methyl chloride, is then condensed 
in the charcoal tube, the latter being kept at 0^. A small amount 
of marsh gas also condenses in the charcoal, but by a test experi¬ 
ment made with a mixture of marsh gas and methyl chloride (pre¬ 
pared by the method due to Groves, Journ, Ghem. Soc.y 1874, 27, 
641), it was shown that, provided the charcoal weis kept at 0°, the 


Fig 1. 



A —Sprongel pump. 

B —Tube in which the gases pumped out by the pump could be collected. 

O —Tube packed with soda-lime to absorb hydrogen chloride formed in the 
reaction. 

D —^The reaction vessel of about 1750 c.o. capacity. 

E —Manometer* 

F —^Tube packed with wood charcoal. 

Q —email condensing apparatus capable of being inserted in a thermos 
flask. 

H—^Tube packed with calcium chloride and soda-lime. 

K —Tube communicating through a three-way tap with the collector H. 

The three-way taps in the apparatus are denoted by a, 6, o, d, c, /, g, 
and hi and the two-way tapa by I, m, n, o, and p. 

The various portions of the apparatus were divided into four volumes: 

V — From two-way tap o through 5, o, i> to /. 

F|—^From three-way tap b through O to a fixed mark on the collector B. 

Fg—^From three-way tap / through g, h (omitting«the charcoal tube F) 
to two-way taps I and n on the condensing apparatus O. 

Fg—The volume of the condensing apparatus between taps I and m. 



186 WHISTON : THB INTBEACTION OF OHLOEINB ANO 


condensed marsh gas could be pumped off without removing any 
appreciable amount of the methyl chloride. The latter could be 
pumped off if the charcoal tube was heated to 300® by immersion 
in a tube of concentrated sulphuric acid. No attempt was made 
to separate the higher chlorinated products of the reaction from 
each other. 

Experimental Details .—The method of conducting an experiment 
was as follows: 

(1) The entire apparatus was first exhausted by the Sprengel 
pump. 

(2) Marsh gas, dried by passing slowly through a tube packed 
with calcium chloride, was then admitted to the volume, F, through 
tap c until the required amount as shown by the manometer had 
been admitted. 

(3) The three-way tap h was then opened to allow the marsh 
gas to fill the volume, F^ also. 

(4) Chlorine, dried by concentrated sulphuric acid, was then 
admitted through tap c into the volume, F, until the required 
amount had been admitted. 

Note .—^The admission of chlorine was always carried out in red 
light. 

(5) The chlorine was then swept out of the capillary tubes into 
the reaction globe, jD, by increasing the pressure on the marsh gas 
in the volume, Fj, by means of mercury admitted into the collector 
from the side-tube K, and then momentarily opening tap b, 

(6) The mixture was allowed to remain overnight to ensure that 
the chlorine had completely diffused through the marsh gas. From 
daybreak (about 5 a.m.) until 9 a.m. the mixture was exposed 
to daylight admitted through the windows of the laboratory, and 
then, although the green colour of the chlorine had completely 
disappeared, it was exposed for about one hour to the arc light 
to make sure that combination was complete. That this was so 
was further shown by the fact that the mercury in the apparatus 
was not attacked during the remainder of the experiment. 

(7) The condensing apparatus was then immersed in a freezing 
mixture of carbon dioxide and ether, and the gaseous mixture 
circulated through the whole of the apparatus (except the char¬ 
coal tube) by means of the Sprengel pump. When the manometer 
indicated that no further condensation would occur, circulation was 
stopped. 

(8) Iced water was then substituted for the carbon dioxide and 
ether, the charcoal tube also surrounded by iced water, tap m 
closed, tap n opened, and circulation recommenced, this time 
through the charcoal tube. 
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(9) When condensation was complete, tap I was closed, and the 
apparatus from tap / on the manometer to the fall tube of the 
Sprengel pump (including the charcoal tube) exhausted. When 
this was complete, the difference between the combined pressures 
of the chlorine and marsh gas originally admitted and the pressure 
of the residual marsh gas gave the pressure due to the now con¬ 
densed products of the reaction. 

(10) The charcoal tube was then immersed in a tube of concen¬ 
trated sulphuric acid, which was heated to 300°, and the methyl 
chloride evolved was pumped into the volumes, F 4- Fj, of the 
apparatus. It was found that the last traces of methyl chloride 
could be more easily removed if marsh gas was admitted three or 
four times to the charcoal tube from the reaction vessel, G, The 
increase in pressure observed when all the methyl chloride had 
passed off was therefore the pressure of the methyl chloride. 

Note. —By removing the small condensing apparatus, it was 
possible to determine the weight of the higher chlorinated products 
of the reaction, namely, methylene dichloride, chloroform, and 
carbon tetrachloride. 

Naperimcnts .—Two experiments were made with marsh gas and 
chlorine in the proportions ; 

(a) Marsh gas to chlorine = 2*80: 1*0. 

{h) Marsh gas to chlorine- 1*075:1'O. 

A third experiment was made with pure methane, which was pre¬ 
pared by the method described by Gladstone and Tribe (T., 1884, 
46 , 154) from a mixture of methyl iodide and methyl alcohol 
dropped on to the zinc-copper couple. The methane evolved was 
patssed through a thin-walled vessel surrounded by a freezing mix¬ 
ture of ice and calcium chloride to remove any methyl iodide, then 
through two tubes containing concentrated sulphuric acid to remove 
alcohol, and finally collected over water. In this experiment, the 
proportions were: 

(c) Methane to chlorine = ri2 : 1'O. 

The results obtained in these experiments are given below: 

Percentage of chlorine Percentage of chlorinated marsh 
converted to methyl gas (methane in Expt. 3) converted 

Experiment. chloride. to methyl chloride. 

1 24*5 45*9 

2 9-9 22-7 

3 131 27-7 

The results show that the proportion of chlorine converted to 
methyl chloride is too low to make the process an economical one 
for the preparation of methyl alcohol from methyl chloride pre¬ 
pared in this manner. No analysis was made of the easily con- 
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densed products of the reaction (methylene dichloride, chloroform, 
and carbon tetrachloride), but there is reason to believe that the 
amounts of these formed were substantially the same as those found 
by Bedford (Zoc. cit.) .working with natural gas and chlorine in the 
proportion of 7:1. Bedford analysed the liquid product obtained, 
and found it to contain: methylene dichloride, 36; chloroform, 35; 
carbon tetrachloride, 5; chloroethanes, 20 per cent.; whilst the 
portion dissolved in the water contained: methylene dichloride, 61; 
chloroform, 28; carbon tetrachloride, I'S; chloroethanes, 6 per cent. 

The Conversion of Methyl Chloride to Methyl Alcohol and Methyl 

Acetate, 

The^ following details have been very kindly supplied to me by 
Mr. D. L. Chapman: 

It is well known that the hydrolysis of alkyl chlorides presents 
difficulties. E. Szarvasy (J. Soc, Chem, Ind.^ 1916, 36, 707) 
showed that methyl chloride can be slowly hydrolysed by heating 
it with alkali to 140° under a pressure of. 20—24 atmospheres, and 
Lacy has shown that the time of hydrolysis is reduced by adding 
lime to the alkali. Hibbert and Brooks (/. Amer, Chem, Soc,^ 
1916, 38, 1368) have also conducted an investigation on the pre¬ 
paration of amyl alcohol from amyl chloride under similar condi¬ 
tions. They have also investigated the preparation of the acetate 
by the action of amyl chloride on sodium acetate. The yields never 
exceeded 50 per cent., as the amyl alcohol and amyl acetate were 
both partly converted into amylene. Kaufler (Brit. Pat. 2779 
and 3133 of 1913), using a porous and voluminous form of sodium 
acetate, converted the alkyl chlorides into acetates at a lower 
temperature than with the ordinary fused sodium acetate, and he 
recommends the addition of a small quantity of copper acetate to 
the sodium acetate, but Hibbert and Brooks found cuprous acetate 
ineffective as a catalyst. 

Experimental. 

The methyl chloride was prepared by the method due to Groves. 
It was washed with sodium carbonate solution, scrubbed with con¬ 
centrated sulphuric acid to remove methyl ether and the vapour of 
methyl alcohol, and then passed through the reaction tube heated 
in a gas furnace, which was maintained at a constant temperature 
by means of a thermoregulator. 

Preparation of Methyl Acetate ,—Using fused sodium acetate, 
methyl diloride begins to act at about 280^, and above 300° the 
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action is moderately rapid at the start, but soon falls off quickly, 
owing, no doubt, to the formation of a protective layer of sodium 
chloride on the surface of the sodium acetate. Moreover, if the 
reaction is continued, the liquid product contains only 89 per cent, 
of methyl acetate, 2*8 per cent, of the impurity being acetone, the 
remainder of the impurity not being identified. The residue left 
in the tube was found to be charred, but still contained some sodium 
acetate. 

When sodium benzoate in the form of a very voluminous and 
porous network of crystals (prepared by adding the theoretical 
amount of sodium carbonate to a solution of benzoic acid, and then 
evaporating the solution of sodium benzoate) was used instead of 


Flo. 2. 



sodium acetate, it was found that the methyl chloride was con¬ 
verted quantitatively to methyl benzoate at 300—305°, the residue 
left in the tube being quite colourless. This was undoubtedly due 
to the porous condition of the sodium benzoate, and consequently 
suggest^ that the reaction, using sodium acetate, would also be 
complete if the sodium acetate were in a similar porous condition. 
A porous form of sodium acetate can be obtained by the action of 
glacial acetic acid on sodium carbonate, but to convert the whole 
of the carbonate into acetate, an excess of acetic acid must be used, 
and this is difficult to remove completely. It was found that a 
much more convenient method consisted in simply drying hydrated 
sodium acetate at 140°. Using the sodium acetate in this form, the 
methyl chloride was almost completely converted into methyl 
acetate. The apparatus used is depicted above, 
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The reaction tube was kept at 290® for four hours, and at 
295—297® for a further four hours. At the end of this time, 
methyl acetate was still slowly distilling over. It was found to be 
essential to stop the reaction when about 60—70 per cent, of the 
sodium acetate had been decomposed, and the unchanged acetate 
can be easily recovered from the residue by crystallisation or 
obtained as acetic acid by treating the residue with the calculated 
amount of hydrochloric acid and then distilling. 

Preparation of Methyl Alcohol .—Preliminary experiments 
showed that below 270® methyl chloride and steam do not interact 
at all, whilst between 270® and 320® only small quantities of methyl 
alcohol and hydrogen chloride were produced. Consequently, 
attempts to hydrolyse methyl chloride by steam were discontinued. 
It was found, however, that methyl chloride acts on slaked lime 
and soda-lime at a convenient rate to give methyl alcohol, but with 
soda-lime some of the alcohol is lost, owing to the action of the 
alkali on it to give hydrogen and sodium formate. It was then 
found that, using the same apparatus as was used for the pre¬ 
paration of methyl acetate, but with slaked lime kept at 300® in 
place of the sodium acetate, the conversion of methyl chloride into 
methyl alcohol was also almost quantitative, a small loss being due 
to the formation of some methyl ether from the alcohol by loss of 
water. 

Conclusions, 

(1) The photochemical interaction between methane and chlorine 
never stops at the first possible stage to give only methyl chloride, 
but always continues further, giving a mixture of all the possible 
chlorinated products, in which methylene dichloride and chloro¬ 
form predominate. 

(2) Methyl chloride can be completely converted to methyl 
acetate by passing it over porous sodium acetate at 290—297®. 

(3) Methyl chloride can be almost completely converted to 
methyl alcohol by passing it over slaked lime at 300®. 

My best thanks are due to Mr. D. L. Chapman for his advice 
and help during the progress of the work, and also to the Depart¬ 
ment of Scientific and Industrial Research for a grant enabling 
the work to be carried out. 

Trb Sir Lrolinr Jehcxns Laboratobiibb, 

Jesus College, Oxford. [Received, January 24th, 1&20.] 
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XXIV .—Studies in the Resolution oj Racemic Acids 
hy Optically Active Alcohoh. Part I. The 
Resolution of r-Tartaric Acid hy VBomeoh 

By Henry Wren, Howell Williams, and William Whalley 

Myddleton. 

The possibility of using optically active alcohols for the resolution 
of racemic acids and, conversely, of active acids for the fission of 
racemic alcohols appears to have been first suggested by Frankland 
(Pasteur Memorial Lecture, T., 1897, 71, 696), but efforts in this 
direction have generally met with little success. Thus, Frankland 
and Price (T., 1897, 71, 253) found that resolution was not effected 
by crystallisation of ^/-amyl r-dibenzoylglycerate, whilst McKenzie 
(T., 1904, 86, 384) was unable to resolve ^menthyl r-mandelate by 
repeated crystallisation. The latter substance has been the subject 
of extended investigation by Findlay and Miss Hickmans (T., 1907, 
91, 905), who found, by observation of the freezing-point curves, 
that /-menthyl r-mandelate exists in the liquid state at the tem¬ 
perature of its melting point, at which it is dissociated into its com¬ 
ponents to the extent of about 50 per cent., whilst, subsequently 
(T., 1909, 95, 1386), they showed by measurement of its solubility 
that it cannot be resolved by crystallisation from aqueous or 
absolute alcohol at any temperature above —15®. Similarly, 
McKenzie, and Wren (T., 1907, 91, 1222) observed that di-/-bornyl 
r-tartrate was not resolved into its diastereoisomerides by repeated 
crystallisation from methyl alcohol. 

The only completely successful instance of a resolution of this 
type which appears to have been recorded up to the present is that 
described by Rupe and Haussler {Annalen, 1909, 369, 324), who 
found that Z-menthyl f-i5-phenylbutyrate crystallises from the 
product of the action of Z-menthol on r-j3-phenylbutyryl chloride, 
and that it can be converted into ^)8-phenylbutyric acid by treat¬ 
ment with alcoholic potassium hydroxide solution. Subsequently, 
Rupe and Kerkovius {Ber., 1912, 46, 1398) showed that 7-menthyl 
r7/-a/3-diphenylpropionate can be separated into its diastereoiso¬ 
merides by fractional crystallisation from alcohol, but they were 
unable to isolate the corresponding acids in a condition even 
approximating to optical purity on account of the great readiness 
with which raoemisation occurred when the esters were hydrolysed 
with alooholio alkali. 

The esters which have been investigated in this manner are all 
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normal in type. A short time ago Wren and Still (T., 1917, Ill, 
513), during the course of an examination of the Z-menthyl esters 
of the diphenyl succinic acids, observed that, whilst Z-menthyl hydro¬ 
gen r-diphenylsuccinate is not resolved by crystallisation from light 
petroleum, its sodium salt could be partly resolved by crystallisation 
from water or by agitating its aqueous suspension with ether, whilst 
fission also occurred when the potassium salt was fractionally 
extracted with boiling ether. It therefore appeared possible that 
the salts of acid esters of racemic acids and optically active alcohols 
might lend themselves to purposes of resolution, and a series of 
experiments has been made in this direction. As add, tartaric add 
was selected both on account of its inherent stereochemical interest 
and ready availability. The choice of alcohol is much more 
restricted, since there are but few of these substances which can 
be obtained readily in suitable quantity and in a condition of 
optical purity; Z-borneol and Z-menthol naturally suggested them¬ 
selves, and preference was accorded to the former, since it was 
considered that it would be more likely to yield well-crystallised 
esters, the behaviour of which could be studied in a variety of 
solvents. 

The bulk of the requisite Z-bornyl hydrogen rfZ-tartrate was pre¬ 
pared by mixing equal weights of the corresponding diastereoiso- 
merides, which are conveniently prepared by the semi-hydrolysis of 
the appropriate normal esters, and are beautifully crystalline sub¬ 
stances; under the conditions described in the experimental section, 
racemisation by alkali does not occur to any appreciable extent, since 
the acid esters obtained by hydrolysis are identical in all respects 
with those isolated as by-products in the esterification of the active 
acids with Z-borneol. 

The results of the investigation are somewhat unexpected, since 
it is found that ^bornyl hydrogen rZZ-tartrate is itself resolvable by 
crystallisation from every solvent which has been examined. The 
process has been carried to completion from chloroform, and potass¬ 
ium hydrogen d- and Z-tartrates have been isolated in the pure 
state, whilst fission has also been shown to occur when water, 
bemsene, toluene, or carbon tetrachloride is employed; in every case, 
?-bomyl hydrogen rf-tartrate separates first. The sodium and barium 
salts, on the other hand, dp not appear to be well adapted for reso¬ 
lution, although distinct i^dence of the separation of the diastereo- 
isomerides from aqueous solution has been obtained in each case. It 
is noticeable that the salts of Z-bornyl hydrogen Z-tartrate appear to 
be the more sparingly soluble, but the differences in solubility are 
less marked than in the case of the acid esters themselves. 
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Experimental. 

Prefaration of BiA-hornyl d-Tartrate and of VBornyl Hydrogen 

A-Tartrate. 

An intimate mixture of finely-powdered c?-tartaric acid (70 grams) 
and ^-borneol (200 grams) was heated in an intermittent current of 
dry hydrogen chloride during sixteen hours at 120^; the product 
was dissolved in ether, and the ethereal solution washed with 
aqueous sodium carbonate (solution A). After removal of the sol¬ 
vent, the residue was distilled with steam to remove excess of 
/-borneol, and the crude ester was purified by crystallisation from 
rectified spirit until the specific rotation of successive crops remained 
constant. The peld of ester after one crystallisation was 140 grams. 

BirVhomyl d-tartrate separates from slightly aqueous alcohol in 
small, colourless needles. It is freely soluble in cold ether, chloro¬ 
form, acetone, toluene, carbon tetrachloride, or carbon disulphide, 
but less readily so in cold alcohol or light petroleum. It melts at 
132*5—133*5^: 

01698 gave 0*3993 COg and 0*1318 HoO. C = 68*l; H = 9*2. 

C 24 H 3 gOe requires C = 68*2; H = 9*l per cent. 

The following observations of the specific rotation were made: 

In chloroform solution: 

1 = 2, c = 2*0275, a[r -0*21°, [ajlf -5-17^. 

In acetone solution: 

1 = 2, c = 2*275, ay -0-26° [a]\i -5*71° 

In benzene solution: 

1 = 2, c = 2*1605, ay +015^ [a]\i +3*46°. 

The aqueous-alkaline solution A (see above) was acidified and 
extracted with ether, whereby a small quantity of Z-bornyl hydrogen 
e^-tartrate was isolated, which, after being crystallised from toluene, 
melted at 158° and had [a]{‘f —6*05° in ethyl-alcoholic solution; it 
was thus identical with the main bulk of the acid ester, which was 
piepared in the following manner. Di-/-bornyl ^/-tartrate (130 
grams) was dissolved in a hot mixture of alcohoL(250 c.c.) and water 
(130 o.a), and a hot solution of the theoretical quantity of aqueous- 
alcoholic potassium hydroxide (1*856A, 167 c.c.) was rapidly added; 
the temperature of the mixture rose spontaneously to the boiling 
point, at which it was maintained for a few minutes, when hydro¬ 
lysis was complete. The neutral solution was evaporated to remove 
alcohol, water was added, and the liberated borneol was separated 
hy means of ether. The aqueous solution was acidified with hydro¬ 
chloric acid and extracted with ether, whereby 65 grams of nearly 
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pure acid ester were isolated; the substance was crystallised from 
chloroform until successive crystallisations caused no change in the 
specific rotation of the product. 

VBornyl hydrogen d-tartfate separates from boiling chloroform or 
toluene in shining leaflets. It is freely soluble in cold ethyl alcohol^ 
acetone, or ether, moderately so in hot water, toluene, or chloro¬ 
form, and very sparingly so in carbon disulphide, carbon tetra¬ 
chloride, or light petroleum. It melts at 158—168*5®: 

0*1600 gave 0*3451 CO 2 and 0*1122 HgO. C = 58*8; H = 7*8. 

Ci 4 H 220 g requires C = 58*7; H = 7*8 per cent. 

The specific rotation was observed in ethyl alcohol and in acetone. 

In ethyl-alcoholic solution: 

1 = 2, c = 2*1805, -0*19^ [a]!^ 

Z = 2, 0 = 7*575, -0*99®, [a]l? -6*5® 

In acetone solution: 

1 = 2, 0 = 2*3796, a}} -0*06®, [a]}} -1*26® 

Aqueous solutions of /-bornyl hydrogen c?-tartrate are somewhat 
surprisingly sensitive to the presence of slight local excesses of alkali 
hydroxides; the alkali salts are therefore most conveniently prepared 
by gently warming aqueous solutions of calculated amounts of the 
acid ester and of the requisite alkali hydrogen carbonate. 

Potassium \-bornyl d-ta/rtrate separates from water, in which it is 
rather freely soluble, in segregates of silky needles: 

0*9980 * lost 0*1055 at 105®. HgO = 10*56. 

Ci 4 H 2 i 05 K, 2 H 20 requires H 2 O = 10*0 per cent. 

0*2408 t gave 0*0630 K= 11*74. 

C 14 H 21 O 0 K requires K = 12*05 per cent. 

Sodium Vhornyl d-tartrate is less readily soluble in water than the 
oorr^ponding potassium salt: 

1*0024 * lost O*O06O at 106®. H 20 = 9*67. 

Ci 4 H 2 iO 0 Na, 2 H 2 O requires H 20 = 9*56 per cent. 

0*4873 t gave 0*1100 Na 2 S 04 . Na = 7*3. 

Cj^HgiOgNa requires Na=7*6 per cent. 

• 

Pfieparation qf::^3^-homyl \-Ta/rirate and of \-Bornyl Hydrogen 
^ ; l-Tartrate, 

The requisite ^tartaric acid was prepared by the resolution of 
r-tartaric add by cinchonine in aqueous solution in accordance with 
the directions of Marckwald {Ber,, 1896, 29, 42); for the present 
purposes, the isolation of the free acid was unnecessary, and it was 

• Air-dried. f Dried at 106—110®. 
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fouQd more advantageous to separate the sparingly soluble potass¬ 
ium hydrogen salt. This was converted into di-Z-bornyl Z-tartrate 
by Z-borneol in the presence of hydrogen chloride in the same manner 
as has been described for the corresponding ^-ester. The crude 
normal ester was purified by crystallisation from alcohol and finally 
from light petroleum. 

Dirl’hornyl Vtarirate separates from light petroleum in large, ill- 
defined, hexagonal plates; it is freely soluble in the boiling, spar¬ 
ingly so in the cold, solvent. It dissolves readily in cold chloroform, 
benaene, toluene, or acetone, and moderately readily in cold ethyl 
alcohol. It is more readily soluble than its diastereoisomeride in all 
the solvents investigated. It melts at 118—118'5°: 

0 1544 gave 0*3860 COg and 0*1272 H 2 O. C = 68*2; H = 9*2. 

C 24 H 3 gOfl requires C = 68*2; H = 91 per cent. 

The specific rotation was observed in the following solvents: 

In chloroform solution: 

Z = 2, c = 2*520, -3*60°, [a]}? -71*4° 

In benzene solution: 

Z = 2, c = 2*416, air -3-75°, [a]ir - 77'6^ 

In acetone solution: 

Z = 2, c = 2*5405, -2*90^ [a]}r -71*3^. 

The mean of the specific rotations of di-Z-bornyl ri-tartrate 
(-5*17°) and di-Z-bornyl Z-tartrate (-71*4®) when dissolved in 
chloroform is —38*3®, a value which is in good agreement with the 
figure (-38-5®) found by McKenzie and Wren (T., 1907, 91, 1221) 
by direct observation with di-Z-bornyl r-tartrate. 

Z-Borny] hydrogen Z-tartrate was isolated in small amount as a 
by-product of fhe preparation of the normal ester; it melted at 
130*5—131° and had [ajo —52*2® (c = 2*6608) in ethyl-alcoholic solu¬ 
tion. It was identical in all respects with the bulk of the hydrogen 
ester, which was prepared by the semi-hydrolysis of the normal 
ester in a manner similar to that described for the diastereo- 
isomeride. 

\-Bornyl hydrogen \dartrate separates from benzene in shining 
leaflets; it dissolves readily in the boiling, sparingly in the cold, 
solvent. It is freely soluble in cold chloroform, alcohol, acetone, or 
hot water, moderately so in boiling carbon disulphide or carbon 
tetrachloride, and sparingly so in boiling light petroleum (b. p. 
60—80®). In general, it is very noticeably more readily soluble in 
all solvents than is its diastereoisomeride. It melts at 130*5—131®: 

0*1637 gave 0*3519 COg and 0*1116 HgO. 0 = 58*6; H = 7*6. 

Ci4H220e requires 0 = 58*7; H=7*8 per cent. 
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The specihc rotation was determined in ethyl-alcoholio solution: 

Z=2, c = 2-986, ag -2*47®, [a]g -51*7° 

1-Bornyl hydrogtn dl-tartrate was prepared by dissolving equal 
weights of the diastereoisomerides in acetone and rapidly removing 
the solvent: 

0 1543 gave 0-3316 COg and 0*1057 HgO. C = 58*6; H = 7*7. 

^ 14 ^ 22^6 requires C = 687 ; H = 7’8 per cent. 

The specific rotation was observed in ethyl-alcoholic solution: 

1 = 2, c = 2*7792, -1*57^ [a]!}^ -.28-2® 

The mean of the values observed for ^-bornyl hydrogen tartrate 
and ^bornyl hydrogen Z-tartrate under doeely similar conditions is 
- 28*70 


Rtsolution of VBornyl Hydrogen dl-Tartrate hy CryetaUieaiion 
from Chloroform. 

Equal weights of Z-bornyl hydrogen eZ-tartrate and Z-bornyl hydro¬ 
gen Z-tartrate (20 grams of each) were mixed and dissolved in boih 
ing chloroform (150 c.c.); on cooling the solution, crystallisation 
occurred after some time. The mixture was allowed to remain at 
the ordinary temperature for about eight hours, after which it was 
filtered. The crystalline crop weighed 9-6 grams and had [a]]) — 9*8o 
in ethyl>alcoholic solution. It was again crystallised from the same 
solvent (90 aa), whereby 5 grams of material were obtained which 
melted at 157—158*5° and had [a]55'® - 7*2° in alcoholic solution. A 
further crystallisation yielded pure ^bornyl hydrogen cZ-tartrate, 
which was identified by analysis (Found, C = 58*8; H = 7*7. Calc., 
C = 58‘7; H=7*8 per cent.), by melting point, 167*5—158°, both 
alone and when mixed with an approximately equal amount of 
synthetic Z*bornyl hydrogen (Z-tartrate and by determination of the 
specific rotation in ethyl-alcoholic solution: 

Z= 2 , c=r 2 - 392 , eU*®- 0 - 32 ° [a]}}«- 6 - 6 ® 

Elimination of the Z-bomyl group was readily effected by the 
action of a slight excess of aqueous potassium hydroxide solution 
(0*931if) on the aqueous suspension of the ester. On addition of 
alkali, the odour of borneol became immediately very apparent. 
After remaining for about two hours at the ordinary temperature 
the mixture was gradually heated on the water-bath. The precipi- 
tated borneol was removed by filtration, and the filtrate was 
extracted with ether to coinplete the elimination of the bomeoh 
The aqueous solution was then treated with standard hjdrodiloric 
add in the quantity necessary fmr the formation of {mtassium 
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hydrogen tartrate, when the latter salt immediately separated; it 
was purified by crystallisation from water and dried in a vacuum 
over calcium chloride (0'2038 neutralised 10’95 c.c. 37 ^^‘Po^^^ssium 
hydroxide solution. Calc., 10*83 c.c. 0*1681 gave 0*0775 KoSO^. 
K —20*7. Calc., K = 20*8 per cent.). 

As the sparing solubility of potassium hydrogen tartrate in water 
does not render it a suitable substance for polarimetric analysis it 
was dissolved in the quantity of aqueous 3^-potassium hydroxide 
necessary to form the normal salt and the solution was diluted to 
the mark with water. * 

3*113 Grams of potassium hydrogen tartrate, dissolved in potass¬ 
ium hydroxide and the solution made up to 25 c.c. with water, had 
ai5 -f 8*48° in a 2-dcm. tube, when [a)Jf +28*3°. (The concentration 
of the solution expressed in terms of the normal tartrate is 14*972 
giams per 100 c.c.). This value agrees well with the data recorded 
ill the literature for normal potassium ^/-tartrate; thus, Schiitt 
1888, 21, 2586) gives [aj^f -f 28*61° for r = 19*23 and 
[ajo -f 28*01° for o = 9*62, whilst Thomsen (/. j)r. Chem., 1886, 
[iij, 34, 89) found [aJJJ29*02° for c = 20*38 and +28*34° for 
c = 9*62. 

The filtrate obtained from the first crystallisation of the /-bornyl 
hydrogen d/-tartrate (see above) was allowed to evaporate spontane¬ 
ously, whereby 29*3 grams of material were obtained which had 
[®^]d “ 33*7° in ethyl-alcoholic solution. It was crystallised from 
boiling chloroform (50 c.c.), when the crop which separated (9 grams) 
had |a]i^ —12*17°, whilst the product obtained by evaporation of 
the filtrate weighed 20 grams and had [aj^ —40*0° in alcohol. The 
latter was decomposed with aqueous potassium hydroxide solution 
and the potassium salts were converted into the mixture of r- and 
/-tartaric acids. The bulk of the former was removed by cautious 
crystallisation of the mixed acids from a small quantity of water. 
The acids contained in the filtrate were transformed into their 
potassium hydrogen salts, which were subsequently crystallised from 
water, ultimately yielding a small amount of potassium hydrogen 
/-tartrate in a state of purity (Found, K = 20*7. Calc., K —20*8 
per cent.). 

0*6315 Gram dissolved in the requisite quantity of 3"-potassium 
hydroxide solution and diluted to 25 c.c. with water had Oj, —1*65° 
at 16° in a 2-dcm. tube, whence [a]}J—27*2°. (The concentration 
of the solution expressed as normal tartrate is 3*036 grams per 
100 c.c.). By extrapolation from Schiitt's data (/or. rvV.) the pure 
anhydrous potassium /-tartrate has (a]^ - 27*4° at this concentra¬ 
tion. 


VOL. cxvn. 


I 
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Experiments on the Resolution of VBornyl Hydrogen dVTartrate 
from Solvents other than Chloroform, 

From Carbon Tetrachloride, —Equal weights of the diastereoiso- 
merides (0*8727 gram in each case) were mixed and dissolved in 
boiling carbon tetrachloride (520 c.c.). The solution was allowed to 
cool to the ordinary temperature; the crystals which separated had 
{a]p — 26*6^^, whilst the material left on evaporation of the mother 
liquor had [aj^ - 34*2° in ethyl-alcoholic solution. 

From Water, —^TJie mixed esters (1*7524 grams) were dissolved in 
hot water (30 c.c.); nothing separated from the cold solution, which 
was therefore seeded with a minute quantity of the Chester, when a 
small crop slowly formed. The specific rotations of the crystals and 
of the portion which remained in solution were —6*9° and —31*1° 
respectively. 

From Benzene, —T9226 Grams of the mixed esters were dissolved 
in boiling benzene (40 c.c.); the cold solution deposited 1*6 grams 
of substance, which was further crystallised from 80 c.c. of the 
solvent. 1*05 Grams of material, having [o]j) —19*9° in alcohol, 
were obtained, whilst the residues left on evaporation of the succes¬ 
sive filtrates had [a]u -34*9° and - 36*5° respectively. 

From Toluene, —The solution of the mixed esters (1*8214 grams) 
in hot toluene (30 c.c.) deposited 1*57 grams of material, which was 
recrystallised from 100 c.c. of the solvent. The second crop had 
[a]j) - 25*0° in ethyl-alcoholic solution, whilst the material obtained 
from the united mother liquors had [o]jj -^35*5°. 


Resolution of X-Bornyl Hydrogen ^-Tartrate by Crystallisation 

of its Salts. 

Sodium Salt ,—1*8472 Grams of the dZ-ester were suspended in 
warm water (24 c.c.) and treated with sodium hydrogen carbonate 
in slight excess; a clear solution was readily obtained, from which 
crystals separated on cooling. The separated salt and that con¬ 
tained in the filtrate were converted into the hydrogen esters and 
polarimetrically examined in ethyl-alcoholic solution, when the 
values —29*4° and —28*0° respectively were observed for the specific 
rotations. 

Barium Salt. —Equal weights of the diastereoisomerides (0*9571 
gram in each case) were dissolved in water, and the solution was 
neutralised by the cautious addition of dilute aqueous barium hydr¬ 
oxide. The dense precipitate was dissolved in hot water (2 litres) 
and the solution was allowed to cool, when a crystalline crop gradu¬ 
ally separated. The specific rotations of the hydrogen esters 
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obtained from the crop and filtrate were —29*3° and - 26*8^^ 
respectively. 

In the experiments which have just been described, the requisite 
<f/-ester was obtained by mixing equal weights of the d- and ^-esters. 
Preliminary experiments indicated, as was to be expected, that 
resolution can equally be effected starting from r-tartaric acid. 
Thus, in one case, the latter acid was completely esf;erified with 
i^borneol and the /-bornyl r-tartrate was treated with half the 
quantity of potassium hydroxide necessary for complete hydrolysis; 
the crude ^bornyl hydrogen ^/Z-tartrate obtained in this way was 
repeatedly crystallised from benzene, when the specific rotations of 
the second, third, and fourth crops were -27*0°, —23*3°, and 
— 21T^ respectively. It is hoped to give a more complete account 
of this aspect of the case when the behaviour of the esters of racemic 
dibasic acids and optically active alcohols on subjection to partial 
hydrolysis has been more fully investigated. 

The authors desire to express their thanks to the Research Fund 
Committee of the Royal Society for a grant which has defrayed 
part of the cost of the investigation. 

PuBE AND Applied Chemistby Department, 

Municipal Technical Institute, , 

Belfast. [Receivcdy Janiut.^ 9th, 1920 .] 


XXV .—The Constitution of the Di saccharides. 

Part IV. The Structure of the Fructose Residue in 
Sucrose. 

By Walter Norman Haworth. 


A NEW constitutional formula for sircrose (I) was proposed in a 
former communication in this series, where it was shown that the 
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fructose residue contained in sucrose could not possess the structure 
generally assigned to it (Haworth and Law, T., 1916, 109, 1314). 

The data on which this conclusion was based may be summarised 
as follows: ( 1 ) On hydrolysis with dilute acids, octamethyl sucrose 
does not show the phenomenon of ‘inversion,” as does sucrose, 
whereas, in conformity with the usual experience, the cleavage of 
the methylated disaccharide ought to give rise to a molecular mix¬ 
ture of tetramethyl glucose and tetrarnethyl fructose which would 
be predominantly laevorotatory. 

( 2 ) This unexpected result was traceable to the fructose residue 
which, differing in structure from ordinary fructose, displayed a 
pronounced dextrorotation. 

(3) The crystalline tetramethyl fructose (IV), isolated by Purdie 
and Paul (T., 1907, 91, 296) during their study of the metliylation 
of methyl fructoside, showed a specific rotation of [aj^^ — 121 ^ in 
aqueous solution, whilst the corresponding product derived from 
the hydrolysis of octamethyl sucrose by Haworth and Law (lov. cit.) 
was a liquid which distilled easily, but did not crystallise on nuclea- 
tion with a specimen of Purdie and Paul’s compound. Moreover, 
the new form of tetramethyl fructose was unstaole towards perman¬ 
ganate and behaved uniformly as a sugar derivative of the 7 - or 
supposed ethylene-oxide type. 

Opportunity has again been taken to isolate this new form of 
tetramethyl fructose and to submit it to further constitutional 
study. The isolation of this compound in a 8 ..ate of purity from the 
products of hydrolysis of octamethyl sucrose was attended with 
much experimental difficulty. This was due to its occurrence along 
with the isomeric tetramethyl glucose, since the latter distils at 
approximately the same temperature as the methylated fructose 
fragment. 

In the present series of experiments it has been found that the 
difficulty formerly experienced in separating the cleavage products 
vanishes if heptamethyl sucrose is substituted for the completely 
methylated biose in a parallel experiment. The advantage conferred 
by the use of heptamethyl sucrose is attributable to the nature of 
its scission products, which distil at temperatures sufficiently remote 
from each other to admit of easy separation by fractional distilla¬ 
tion. The partly methylated biose was obtained by methylating 
sucrose in alkaline solution with methyl sulphate (Haworth, T., 
1916, 107, 12), and this has been shown to be a pure chemical 
individual, in which the fructose constituent is fully methylated, 
but only three methyl groups are present in the glucose component. 

When heptamethyl sucrose was hydrolysed with 0*4 per cent, 
hydrochloric acid at 60® for six and a-half hours the specific rotation 
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diininished from [a]p -f 64 3^ to 4*52°, and at the latter value 
remained constant. The products of this change consisted of a 
molecular mixture of a trimethyl and a tetramethyl hexose, which 
was easily separable by distillation at the Gaede pump. The first 
fraction distilled as a colourless, mobile liquid at 110—112°/ 
0'35 mm., having 1*4545, and gave analytical results correspond¬ 
ing with a tetramethyl hexose. A second fraction was collected as a 
viscid syrup, boiling at 170°/0*43 mm., showing 1*4755, and 
analysis proved it to be a trimethyl hexose. The amounts of both 
fractions were approximately equal. 

Clearly it was of importance to decide which of these individual 
fractions represente.d the glucx>se or fructose residue in the original 
sucrose. This point was established by submitting the trimethyl 
hexose to further methylation, when it was converted into a crystal¬ 
line subst/ance melting at 83°, showing [ajj, + 84°, and identical with 
tetramethyl glucose (compare Haworth and Law, lor, rit., p. 1324), 
a result which afforded ample proof that the trimethyl hexose was a 
glucose derivative. Consequently, it follows that the tetramethyl 
hexose having the lower boiling point represented the fructose 
residue in sucrose. 

Attention has been focussed in the course of the present investi¬ 
gation on this specimen of tetramethyl fructose. In the previous 
communication on this subject (Jor. cit.) an approximation only 
could be made as to the probable specific rotation of this compound 
in aqueous solution, and the value was tentatively given as 
[a]p -f 29*3°. The correct value, determined experimentally for the 
first time, differs only slightly from this anticipated result, and is 
now recorded as [a|„ 4-31*7°. The substance is very unstable 
towards permanganate, and conforms to the new type of hexoses 
which have been provisionally named ethylene-oxide sugars. Fur¬ 
ther, the constitution previously assigned to the new variety of 
tetramethyl fructose (111) has been subjected to close experimental 
scrutiny: 
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In allocating this structural formula (HI) to the fructose residue 
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ill sucrose the only basis on which one could proceed was the valu¬ 
able group of facts recorded by Irvine, Fife, and Hogg during their 
investigation of the new variety of tetramethyl glucose (V), 
described as a y-sugar (T., 1915, 107, 624). These authors showed 
that a derivative of y-glucose examined by them showed a remark¬ 
able capacity to increase its oxygen content to the extent of one 
atomic proportion during methylation with silver oxide and methyl 
iodide. Surprising though this behaviour may be, it finds a parallel 
in the oxidation of glucose with phenylhydrazine which gives rise 
to the glucosazone. It is established that in the latter case the 
oxidation change effects removal of the hydrogen atoms attached 
to the second carbon atom from the reducing end of the hexose 
chain. The analogy which has been drawn between the two reac¬ 
tions leads to the suggestion that in both cases oxidation is confined 
to the groups associated with the carbon atom which adjoins the 
reducing group: 
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The above formulae are given in this simple form for the sake of 
clearness; it will be recognised that the two products of oxidation 
indicate only intermediate stages of the reactions which have been 
studied. The main point is, that if the analogy be admitted, the 
ethylene-oxide form of methyl glucoside is the only one that can 
hold for the new type of sugar derivative. 

In order to furnish a proof of this structural arrangement, Irvine, 
Fife, and Hogg {loc. cit.) submitted a derivative of the new type 
of y-sugar, namely, tetramethyl y-glucose (V), to {a) reduction, 
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(h) oxidation. The product of reduction was a tetramethyl sorbitol 
(VI), which showed optical exaltation in the presence of boric acid, 
and thus, in the light of Bdeseken's recent work (Ber.y 1913, 46, 
2612), the compound contained two hydroxyl groups attached to 
neighbouring carbon atoms, a result which affords strong support 
to the ethylene-oxide formula of the sugar. 

On the other hand, oxidation of the sugar (V) with perman¬ 
ganate gave rise to a unimolecular lactone, the formation of which 
would appear to be precluded if the ethylene-oxide structure were 
adopted as above. Whilst, therefore, this mode of representation 
was provisionally proposed for the new or y-sugars, it was recognised 
that other interpretations were possible 

Consequently, in the special case under review, namely, that of 
the fructose residue isolated from hep tarn ethyl sucrose, it was con¬ 
sidered of first importance to provide some additional experimental 
basis on which the structure assigned to this compound could rest. 
Apart from the butylene-oxide form of tetramethyl fructose (IV) 
which has been definitely characterised, there would appear to be 
no fewer than four possible formulae by which the tetramethyl 
fructose isolated in the course of the present investigation may be 
represented; these are given as the following, and for the sake of 
comparison the oxidation products to which they may be expected 
to give rise are printed below in the vertical column: 
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The choice of oxidising agent, namely, dilute. nitric add, was 
determined by the fact that oxidation of a sugar of the formula 
(IX), if effected with bromine water, would leave a primary alcohol 
group exposed, whilst nitric acid would oxidise both the reducing 
and primary alcohol groups. On submitting the specimen of tetra- 
methyl fructose to oxidation with nitric acid at 60^, a viscid liquid 
was formed which distilled at 190—200*^/T8 mm., and analysis gave 
C —48T7; H = 7*43; OMe=43‘4. Such a result is not in agreement 
with any of the figures quoted above, although it approximates 
closely to those required for dehydration of two molecular propor¬ 
tions of namely, Ci^jHaoOu, which requires C = 48'24; 

H = 7*54; OMe = 46*7 per cent. A determination of molecular 
weight by the cryoscopic method gave 354; that required by the 
faimolecular anhydride is 398, whilst the unimolecular formulse 
require approximately half this value. 

Inspection of the formula (X) will indicate that this represents 
an a-hydroxy-acid, and may be referred to lactic acid as a type. It 
is well known that lactic acid undergoes conversion into an anhy¬ 
dride or semi-lactide, either by heating at 130—140°, or spontane¬ 
ously at the ordinary temperature in a dry atmosphere. The formula 
(XII) admits of the possibility of the formation of a unimolecular 
iS-lactone, since Nef has shown that mannono-/34actone is easily 
formed, but passes into aqueous solution as regenerated mannonic 
acid {Annalen^ 1914, 403, 204). Nef also mentions the existence 
of bimolecular o-lactones, by which is meant substances analogous to 
the semi-lactide from lactic acid, which has already been quoted. 
On the other hand, formulse (XI) and (XIII) do not admit of the 
possibility of dehydration except by the ordinary process of 
preparing acid anhydrides. 

It was ascertained by analysis that, in the particular experiment 
under review, when the product derived from the oxidation of the 
tetramethyl fructose was isolated from aqueous solution by evapora¬ 
tion of the solvent, anhydride formation had already occurred, and 
a consideration of all the possible formulae leads to the conclusion 
that this could only take place with an a-hydroxy-acid. It will be 
remembered that the oxidation product was found to possess the 
formula and is thus bimolecular. Moreover, the com¬ 

pound was acid towards litmus, and when titrated with alkali it 
behaved as an acid until about half the total alkali required for 
complete neutralisation had been added. From this point onward 
the substance exhibited all the properties of a lactone, absorption 
of additional alkali taking place with extreme slowness. The final 
result corresponded exactly with the requirements for a semi- 
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lactide (XIV) of the formula CigHaoOji, and full details will be 
found in the experimental part. 

From these considerations it will be clear that the oxidation 
product must have been formed from an acid of formula (X), which 
in turn can only represent a product of degradation of a tetra- 
methyl fructose having the formula (III): 
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This result furnishes valuable evidence in support of the constitu¬ 
tional formula (I) for sucrose, advanced in an earlier communication 
by Haworth and Law (this series, Part 1), and the hydrolysis of 
octamethyl sucrose therein described may now be formulated : 


H OH CHa-OMe 


j-CH-0— — 

C-— \ 

^CH-OH 

CH,-OMo 

CH-OMe ; 

CH/^ 

1 CH-OMe 

^/C-OH 
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• 

O. 

■ 0\ - 

CH-OMe 

CH-OMe 

1 CH-OMe 

^ "CH 

'cH 

{^H-OMe 

^CH 

CH-OMe 

CH-OMe 

CH,-OM( 

CH-OMe 

CH-OMe 

(JHj-OMe 


CHj-OMe 

CH,-OMe 

(OliKiose 

(Fructose 

Tetramethyl 

Tetriimothyl 

rcsiduo.) 

rosi(lu<'.) 

glucose 

fructose 


^ . ... ^ (hutylene-oxidic.) (ethylene-oxidic.) 

Octamethyl sucrose. 


A similar representation would apply to the hydrolytic cleavage 
of heptamethyl sucrose, except that in this case a butylene-oxide 
form of trimethyl glucose is obtained as the glucose constituent. 

An explanation of the observed facts that, when free sucrose is 
hydrolysed, glucose and ordinary laevorotatnry fructose are found as 
the products, is given in Part I, of this series. It is there stated 
that although the ethylene-oxide form of fructose must first be 
produced, the hydrolysis is accompanied by a supplementary struc¬ 
tural change involving the transformation of the fructose residue 
at the moment of cleavage into a butylene-oxide form. Such supple- 
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mentary changes are inhibited if the hydroxyl groups in sucrose are 
protected by methyl groups. 

Although the additional evidence here contributed as to the struc¬ 
ture of sucrose appears capable of no simple explanation other than 
that now offered, the constitution of the new form of tetramethyl 
fructose is being further investigated in view of the importance of 
the issues. 


Experimental. 

Hydrolysis of Hepiamethyl Sucrose, 

Heptamethyl sucrose (28 grams), prepared by the method already 
described (Haworth, T., 1915, 107, 12), was dissolved in 450 c.c. 
of 0 4 per cent, aqueous hydrochloric acid and the mixture heated 
in a water-bath maintained at 60°. Polarimetric readings were 
taken from time to time, and hydrolysis was complete in six and 
a-half hours: 


Time. 

1 . 

o„. 

[«lo. 

5 minutes . 

2-dcm. 

4-8*0° 

-h64*3“ 

1 hour . 


7*0 


IJ hours. 


C«46 


3 


6*76 


6i „ . 


6*74 

+ 640 


At this stage the acid was neutralised with barium carbonate, and 
the solution filtered and evaporated under diminished pressure in 
presence of a trace of barium carbonate. A syrupy residue 
remained, which was contaminated with barium salts. The product 
was dissolved in absolute alcohol, filtered to remove mineral matter, 
and the solvent distilled. A further treatment with ether served 
to remove the whole of the suspended salts. Thereafter the residue 
was submitted to fractional distillation at the Gaede pump. 

Nearly half the total product distilled as a colourless, mobile 
liquid at 110—120°/0'35 mm., whilst the remainder was collected 
at 154—170°/0*6 mm. On repeated refractionation of each portion 
two main fractions were obtained : 

1. . . . b. p. no—112°/0*32 mm. 1*4545. 

2 -b. p. 168—170°/0*43 mm. w,, 1*4765. 

The latter substance was a viscid syrup, which failed to give an 
osazone on treatment with phenylhydrazine. On analysis it was 
shown to be a trimethyl hexose: 

0*1206 gave 0*2149 COg and 0*0888 H^O. 0 = 48*60; H = 8*19. 

0*1284 gave, by ZeiseTs method, 0*3988 Agl. OMe=41*0. 

C 0 H 9 O 3 (OMe )3 requires C?=48*65; H=: 8 *ll; OMe.= 41*9 per cent. 

This trimethyl hexose was submitted to further methylation by 
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methyl iodide and silver oxide. The product was thereafter hydro¬ 
lysed with 8 per cent, hydrochloric acid at 100® for three hours in 
Older to remove the glucosidic group and obtain the tetramethyl 
hexose. The latter was isolated in the usual way, and was found to 
consist of a liquid which quickly crystallised. Recrystallisation of 
the solid from light petroleum yielded characteristic prismatic 
needles, which were easily identified as tetramethyl glucose, melting 
at 83®, and showing no depression in melting point when mixed with 
a specimen of this sugar isolated on a previous occasion (T., 1916, 
109, 1324). The specific rotation was [a]jj -f 84® in equilibrium in 
water. 

Since tetramethyl glucose of the butylene-oxide form was isolated 
as the result of this experiment, there could be no doubt that the 
trimethyl hexose distilling at the higher temperature in fraction (2) 
was a trimethyl glucose of the normal type. ’This showed 
[®1d -I-55'7® in methyl alcohol and +56*0® in aqueous solution, and 
its further study will form the subject of a future communication. 

A New Form of Tetramethyl Fructose (III). 

The first fraction distilling at 110—112®/0'32 mm. was also found 
to boil at 154°/13 mm. It decolorised permanganate readily, and 
behaved generally as a y-sugar. The following analytical results 
were obtained : 

6-2220gave0-4141 COg and 0T700 H^O. 0 = 50*87; H = 8*51. 

0*1420 „ 0*5430 Agl. OMe = 50*3. 

CcH802(0Me)4 requires 0 = 50 85; H = 8'47; OMe = 52'5 per cent. 

The specific rotation of the sugar was determined. 

Solvent. Mb. 

Water. 4 31*7° (final reading) 

Methyl alcohol . 4*21-3° 

When the aqueous solution was catalysed wdth a trace of hydro¬ 
chloric acid, the specific rotation increased to 4 32 6®. 

Oxidation with Nitric Acid ,—The tetramethyl fructose (4*75 
grams) was oxidised by heating with dilute nitric acid (D 1*2) at 
60® for five hours. The water and most of the nitric acid were 
removed by vacuum distillation at low temperature, and the residue 
was treated successively with absolute alcohol and ether, followed 
by distillation of the solvent and continued heating in the vacuum 
of the Gaede pump until the whole of the nitric add was removed. 

In a preliminary attempt to purify the residual syrup it was 
dissolved in ether and shaken in a separating funnel with small 
quantities of water. There remained in the ethereal layer about 
one-fifth of the original amount of the syrup, and after drying and 

2 
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removal of solvent this small residue was dried in a stream of air 
in a vacuum, when it gave the following analytical results: 

0 1550 gave 0*2754 COg and 0 1076 H 2 O. C = 48*45; H = 7*71. 

CigHgoOii requires C = 48*24; H = 7*54 per cent. 

The portion remaining in the aqueous layer was now extracted 
with much ether and the solvent removed by distillation. The 
residue was dried by heating at 100^ in the vacuum of the Gaede 
pump, and at this stage a sample was removed for analysis: 

0*1803 gave 0*3154 COo and 0*1233 HgO. 0 = 47*71; H = 7*59. 

The syrup was then distilled, when it was observed that very 
little decomposition occurred. A small first fraction was collected 
as an amber-coloured syrup distilling at 185—190°/1*8 mm., and a 
large second fraction was obtained, boiling at 190—200°/T8 mm. 
and having = 1*4575. The first fraction was analysed as follows . 

0*1236 gave 0*2210 00^ and 0*0829 HoO. 0 = 48*76; H = 7*45. 

The second fraction gave the figures: 

0*1042 gave 0*1841 OO 2 and 0*0697 H 2 O. 0 = 48*17; H = 7*43. 

0*1092 „ 0*3590 Agl. OMe = 43*4. 

0iQHi2O5(OMe)6 requires 0 = 48*24; H = 7 54; OMe=46'7 per cent. 

This corresponds with an anhydro-acid (XIV) or semi-lactide, 
Oj^HgQOij. The substance appeared to be hygroscopic, and quickly 
absorbed water from a moist atmosphere. 

During the titration with A/10-sodium hydroxide the syrupy 
oxidation product behaved at first as an acid, and finally as a 
lactone. Phenolphthalein was used as indicator. 0*1192 Gram 
was dissolved in water and titrated with A/10-sodium hydroxide. 
The alkali was rapidly absorbed until 2*9 c.c. had been added; 
thereafter additional alkali was absorbed with extreme slowness at 
the ordinary temperature. On adding in all 10 c.c. and heating 
under reflux for a quarter of an hour, the cooled solution was 
neutralised with A/lO-sulphuric acid and required 3*85 c.c. The 
total alkali which had C4>mbined with the compound was therefore 
6*15 c.c. The theoretical amount required for an anhydro-acid, 
IS 5*98 c.c. 

A determination of molecular weight in benzene solution was 
carried out by the cryoscopic method, when the values found were 
354*1 and 343*5. The anhydro-acid, requires M.W.= 

398. 

United College of St. Salvatob and St. Leonard, 
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XXVI .—Phthaleins and Fluorans. 

By Maurice Copisarow. 

The object of this investigation was the study of the constitution 
and conditions of formation of some members of the phthalein 
and fluoran series. Whilst certain phenols, such as resorcinol and 
pyrogallol, react with phthalic anhydride in the absence of any 
dehydrating agent, in most other cases some such agent is required 
for the condensation to take place. TJiese condensing agents, in con¬ 
junction with the experimental conditions, influence not only the 
yield, but also the character of the products. In most cases, the 
formation of phthaleins (III) is accompanied by the production of 
substance belonging to the o-ketonic acid (I) (Deichler and Weiz- 
niann, Ber., 1903, 36, 547; Copisarow and Weizrnann, T., 1915, 
107, 878), hydroxyanthraquinone (TI), and fluoran (IV) series. 

It is probable that when aluminium chloride is employed as a 
condensing agent, the products just quoted are accompanied 


CO OH CO OH 



(HI.) (IV.) (V.) 


CO^H, 


OH OH 

00 

()6 

OH 



(VI.) 


(VII.) 
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by small quantities of substances belonging to the phenyl* 
oxanthranol (V), tetraphenylmethane-o-carboxylic acid (VI), and 
diphenylanthrone (VII) series (Copisarow, T., 1917, 111, 10). 

On replacing phthalic anhydride by phthalyl chloride, 
wophthaleins or phenolic esters of phthalic acid are formed 
(Baeyer, Ber.^ 1871, 4 , 659; Meyer, Ber.^ 1891, 24 , 1414; 1893, 
26 , 204; 1895, 28 , 431; Pawlewski, Ber., 1895, 28 , 108, 2360; 
Limpricht, Annalen^ 1898, 303 , 279; Csanyi, Ber., 1919, 62 , 1788). 

In the course of the present investigation, it was found that: 

(1) Hydrogen chloride, as a condensing agent, facilitates the 
formation of hydroxy an thraquinones and phthaleins. 

(2) Boric acid, as a condensing agent, assists the formation, not 
only of o-ketonic acids and hydroxyanthraquinones (Deichler and 
Weizmann, loc. cit.'), but also that of phthaleins and fluorans. 

(3) Hydrogen chloride is most efficient in the presence of zinc 
chloride, and boric acid in the presence of concentrated sulphuric 
acid. 

(4) The hydroxy-groups of the phthaleins are, as a rule, in the 
para-position, and of the fluorans in the ortho-position, with respect 
to the central carbon atom linking the phthaloyl with the phenolic 
groups. This is proved by (a) the fact that phenolphthalein is not 
converted into fluoran on heating above its melting point or with 
concentrated sulphuric and boric acids; (?>') the non-formation of 
4:5-dimethylfluoran, p-cresolphthalein, and jfl-naphtholphthalein; 
(c) the fact that boric acid exercises in the case of termolecular 
reactions (fluoran formation) the same orientating effect as in the 
case of bimolecular reactions (Bentlev, Gardner, and Weizmann, 
T., 1907, 91 , 1626); this is substantiated, not only by the constitu¬ 
tion of the fluorans, but also by the fact that the o-ketonie acids 
are an intermediate stage in the formation of fluorans from phthalic 
anhydride, as in the case of phthalides (Pechmann, Ber.^ 1881, 14 , 
1865; Copisarow and Weizmann, loc. cit.). 

The apparently anomalous position of o-naphtholphthalein, pre¬ 
pared by the hydrolysis of di-l-ethoxynaphthylphthalide, in which 
Copisarow and Weizmann {loc. cit.) assigned the hydroxy-groups 
to the ortho-position with respect to the central carbon atom, on 
the ground that o-l-ethoxynaphthoylbenzoic acid can be regarded 
as an intermediate stage between phthalyl chloride and di-l-ethoxy¬ 
naphthylphthalide, and also owing to the transformation of this 
a-naphtholphthalein into a-naphthafluoran, can now be easily 
explained. 

Grabowski (j8er., 1871, 4 , 661), and Sorensen and Palitzsch 
{Biochem. Zeitsch., 1910, 24 , S84), have indicated the possible 
formation of two isomeric a-naphtholphthaleins, and considering 
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that (a) Grabowski's a-naphtholphthalein cannot be converted into 
a-naphthafluoran, thus differing from Copisarow and Weizmann's 
o-a-naphtholphthalein, and (h) the ot-naphtholphthalein isolated bv 
Csanyi {loc. cit,) is identical with that of Copisarow and Weizmann 
(a sample preserved from 1915 and recrystallised twice from alcohol 
melted at 234—235®), there is no room for doubt that the follow¬ 
ing constitutions must be assigned to the two existing a-naphthol- 
phthaleins: 


A A 

H0/\/ 

\/\, /\/ 
c 


o 

\/\/ 

CO 

(VIII.) 






A 


c 

/\/\ 


o 


\/\/ 

CO 

(IX.) 


p-a-Naphtholphthaloin. 

(Grabowski.) 


o-a-Naphtholphthalein. 
(Copisarow and Weizmann, Csdnyi) 


(5) Zinc chloride, as a condensing agent, is found to be superior 
to both concentrated sulphuric acid and stannic chloride, being 
more efficient than the former and more economical than the latter. 

It was found that the alkali salts of the phthaleins, like those of 
phenols, are oxidised on prolonged keeping, especially on exposure 
to light or a current of air, giving dark, complex substances. The 
alkaline earth salts (barium, calcium, etc.) are less readily oxidised. 


Experiment al. 

Zinc Chloride, 

It was found that zinc chloride, prepared by evaporating to dry¬ 
ness a faintly acid solution of this salt, is a more efficient con¬ 
densing agent than finely powdered fused sticks of zinc chloride. 
This superior quality is to be attributed to the fineness of division 
and presence of small quantities of hydrogen chloride rather than 
to the possible hydration of the unfused zinc chloride (compare 
aluminium chloride, Biltz, Ber.^ 1893, 26 , 1960; Meyer, Ber,, 1896, 
29 , 847), as the addition of small quantities of water to the fused 
zinc chloride not only does not add to, but actually diminishes, its 
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Phenolphthalein (III). 

Preparation hy means of Concentrated Snlphurtc Acid ,—The 
condensation of phthalic anhydride with phenol in the presence of 
concentrated sulphuric acid was effected under the conditions given 
by Baeyer {Annalen, 1880, 202, 69). It was found, however, that 
by employing an improved method of isolation and purification, the 
product contains about 5 per cent, of hydroxyanthraquinones. 
Baeyer’s method of purification, consisting in pouring the 
decolorised alcoholic solution of the product into water, is thus 
ineffective. A more satisfactory method was found to be as 
follows. 

The crude phenolphthalein, having been dissolved in aqueous 
sodium hydroxide and reprecipitated with hydrochloric acid, is dis¬ 
solved in five times its weight of 65—70 per cent, methyl alcohol. 
The alcoholic solution is decolorised by boiling with animal char¬ 
coal and concentrated until solid begins to separate. On cooling 
and* filtering, the first crop of phenolphthalein (yellow to white) 
is obtained; a second crop of this product is isolated on concen¬ 
trating the filtrate. On further distillation, an orange-red, viscid 
oil separates, which, on keeping, solidifies to a brown, crystalline 
mass consisting of the two isomeric hydroxyanthraquinones and 
some phenolphthalein. The first two crops of phenolphthalein, 
when recrystallised from dilute alcohol, furnish snow-white crystals 
melting at 253°. This method of purification gives, not only 
phenolphthalein free from hydroxyanthraquinones, but also appears 
to be less wasteful than that of Baeyer, as more than 90 per cent, 
of the solvent is recovered. The separation of the two isomeric 
hydroxyanthraquinones from one another was effected according to 
Baeyer and Caro’s method {Ber.^ 1874, 7, 969). The phenol¬ 
phthalein accompanying the hydroxyanthraquinones is isolated by 
fractional crystallisation. The yield of pure phenolphthalein 
obtained by this method is 26 per cent, of that theoretically 
possible. The yield of fiuoran (IV) (Baeyer, AnnaJen, 1882, 212, 
347) does not exceed 0'5 per cent. 

Preparation hy means of Concentrated Sulphuric and Boric. 
Acids, —A mixture of 60 grams (1 mol.) of finely powdered phthalic 
anhydride, 80 grams (2 mols.) of phenol, 16 grams of concentrated 
sulphuric acid, and 8 grams of powdered boric acid was heated at 
125^—130° for eight hours. The product was poured into water, 
the mixture boiled to expel phenol, filtered white hot, and the 
brown residue washed with hot water. The residue was extracted 
several times with a 3 per cent, solution of sodium hydroxide, the 
extract cooled, and acidified with hydrochloric acid. The pro* 
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cipitate, which contained phenolphthalein and the hydroxyanthra- 
quinones, was purified as in the previous experiment. The residue, 
insoluble in sodium hydroxide, crystallised from alcohol in white, 
rhombic crystals melting at 173—175°, and consisted of fluoran. 
The yield of pure phenolphthalein was 31 per cent., that of fluoran 
8 per cent., and that of the hydroxyanthraquinones about 5 per 
cent, of the theoretical. No advantage was gained by employing 
boric anhydride instead of boric acid. The latter in the absence 
of concentrated sulphuric acid is ineffective as a condensing agent 
under the conditions employed. 

Preparatmn hp means of Zinc (hhmde. —The conditions of con¬ 
densation were those described by Perkin and Kipping (“ Organic 
Chemistry/’ 1911, 654), the mixture being mechanically stirred. 
The method of purification of the products was identical with that 
already described. The yield of pure phenolphthalein was 47 per 
cent,, and that of the two hydroxyanthraquinones 6 per cent., of 
the theoretical. The yield of fluoran was negligible. When 
powdered fused zinc chloride was employed, instead of zinc chloride 
prepared by the method described above, the yield of the products 
was lowered. 

Preparation hp means of Hpdropen Chloride .—From analogy to 
the formation of esters, it was considered possible that hydrogen 
chloride might serve as a condensing agent for the production of 
phthaleins. Investigation showed that whilst hydrogen chloride 
by itself is not sufficiently effective, taken in conjunction with zinc 
chloride, a marked improvement in the yield of phenolphthalein, 
and especially of the hydroxyanthraquinones, was observed. The 
following table shows the results of condensation by means of dry 
hydrogen chloride. 


Experi¬ 

Phthalic 

anhydride. 

Gram- 

Phenol, 

Grnm- 

Period of 
heating. 

Period of passing 
a current of 
hydrogen 
chloride, 

Yieia» 

per 


ment. 

mols. 

mols. 

in hourA 

in hours. 

cent. 

Colour. 

1 

1 

2 

60 

0-5 

0-2 

greyish- 

2 

1 

2 

60 

6-0 

0*9 

brown 
dark brown 

li 

1 

4 

60 

60 

0*8 

#» 

4 

1 

2 

240 

240 

1*7 

f* 


These reactions were carried out at 120—125°, the method of 
isolation and purification of the products being the same as in the 
experiments already described. The ratio of phenolphthalein to 
the hydroxyanthraquinones was found to be approximately 1 to 1. 
No fluoran was found. When the temperature was raised to 170°, 
the proportion of the hydroxyanthraquinones and tarry matter 
was increased. The results indicate that (1) the yield of product 
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increases with the period of heating in a current of hydrogen 
chloride, and (2) the ratio of phenol to phthalic anhydride does 
not influence the yield. 

These observations show a distinct difference between phthaleins 
and esters as regards the mechanism of their formation. 

Preparation hy means of Zinc Chloride and Hydrogen Chloride, 
—A current of dry hydrogen chloride was passed through a mix¬ 
ture of 60 grams of finely powdered phthalic anhydride, 70 grams 
of 2inc chloride, and 80 grams of phenol at 120—125° for half an 
hour, the mixture being then heated for six hours at 120—125°, 
The product was poured into water, which was boiled to expel 
phenol. The mixture was then filtered hot, washed with hot water, 
and the yellowish-brown residue extracted several times with a 
warm 4—5 per cent, solution of sodium hydroxide. The deep red 
alkaline solution was cooled and acidified with hydrochloric acid, 
and the precipitate collected, pressed, and dried. The quantity 
of material insoluble in alkali did not exceed 0*5 per cent. The 
dried precipitate was purified by decolorising with animal char¬ 
coal and fractional crystallisation from 65 per cent, methyl alcohol, 
as described in previous experiments. On concentrating the filtrate 
after the isolation of two crops of phenolphthalein, a brownish-red, 
viscid oil separated, which solidified on keeping. This contained 
hydroxyanthraquinones and phenolphthalein, the latter being about 
33 per cent, of the total. The yield of pure phenolphthalein from 
the two crops was 52 per cent., and that of the hydroxyanthraquin- 
ones 21 per cent., the total yield of phenolphthalein being 59 per 
cent, of the theoretical; the 7 per cent, of phenolphthalein present 
in the oily residue was isolated only by a lengthy process of separ¬ 
ation from the two hydroxyanthraquinones and fractional crystal¬ 
lisation, as already described. This fraction of phenolphthalein 
may therefore be disregarded in calculating the efficiency of this 
method of preparation. In subsequent experiments, the employ¬ 
ment of hydrogen chloride was omitted. 

When pure phenolphthalein is heated {a) above its melting point, 
or (5) with concentrated sulphuric and boric acids at 125—130° 
for eight hours, no fluoran is formed. 

OH OH 

o-Cresolphthalem^ \/ 

Baeyer (Annalen^ 1880, 202 , 153) deecribes the employment of 
cjonoentrated sulphuric add and stannic chloride in the oondensa- 
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tian of phfchalic anhydride with o-cresol, but no indication is given 
either of the by-products formed or of the efficiency of each con¬ 
densing agent. When phthalic anhydride was condensed with 
o-cresol in the presence of concentrated sulphuric acid under the 
conditions given by Baeyer, the yield was poor. A 'distinct 
improvement in yield, although this was still low, was achieved by 
using a mixture of concentrated sulphuric and boric acids. No 
4:5-dimethylfluoran could be detected. 

Preparation hy means of Zinc Chloride .—Fifteen grams of 
phthalic anhydride and 25 grams of zinc chloride were finely 
powdered, 25 grams of o-cresol added, and the mixture was heated 
at 125^ for eight hours. The product was worked up as in the 
previous experiments. On fractionally crystallising the crude pre¬ 
cipitate from dilute alcohol, 16 grams (46 per cent, of the 
theoretical yield) of o-cresolphthaleiii were obtained in yellowish- 
white crystals melting at 216°. The last crop, fractionated by 
crystallising from acetic acid, was found to consist of 1-hydroxy- 
2-methylanthraquinone, melting at 184—185° (Bentley, Gardner, 
and Weizmann, T., 1907, 91 , 1634), 3-hydroxy-2-methylanthra- 
quinone, melting at 262° (Baeyer, Anncden, 1880, 202 , 165), and 
a small quantity of o-cresolphthalein. No 2-hydroxy-l-methyl- 
anthraquinone could be detected. The combined yield of the two 
anthraquinones was about 4 per cent, of the theoretical. 


2 m ('th yJfliio>'a/i , 


O 



Me 



\/\/ 


CO 


The condensation of phthalic anhydride with p-cresol in the 
presence of zinc chloride was carried out in a manner similar to 
that employed in the case of o-cresol. The product, freed from 
p-cresol, phthalic acid, and zinc chloride, was extracted several 
times with dilute sodium hydroxide solution, and the dried readue 
decolorised with animal charcoal and crystallised from chloroform. 
It separated in yellowish-white crystals melting at 246°, and was 
identified as 2:7-dimethylfluoran (Baeyer, Annalen, 1882, 212 , 
340). The brownish-red alkaline extract was acidified with hydro¬ 
chloric add, and the predpitate crystallised from gladal acetic 
add in brownish-ydlow needles melting at 169—170°, which were 
identified as 4-hydroxy-l-methylanthraquinone (Birukoff, Scr., 
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1887, 20, 2069). The yield of 2:7-dimethylfiuoran was 26 per 
cent., and that of 4-hydroxy-l-methylanthraquinone 2*5 per cent., 
of the theoretical. No trace of //-cresolphthalein could be detected. 


p-a- and o-a-N aphtholphthnleins (VIII and IX) and a-N aphtha- 



Preparation Inj means of Zinc Chloride. —The condensation of 
phthalic anhydride with a-naphthol in the presence of zinc chloride 
results in the formation of o- and ;p-a-naphtholphthaleins, 
a-naphthafluoran, and small quantities of a-hydroxynaphthacene- 
quinone. Pive grams of phthalic anhydride, 10 grams of 
a-naphthol, and 15 grams of zinc chloride were finely powdered, 
thoroughly mixed, and heated in a flask immersed in an oil-bath 
at 100^ for three hours. The product was extracted several times 
with boiling water, and then with a dilute solution of sodium 
hydroxide. The insoluble residue separated from benzene in small, 
white crystals melting at 300°, and was identified as a-naphtha¬ 
fluoran (Grabowski, Bev,, 1871, 4, 661; Meyer, Ber.^ 1893, 26, 
207; Deichler and Weizmann, Ber,^ 1903, 36, 548). The deep 
bluish-green, alkaline extract was fractionally precipitated with 
hydrochloric acid and carbon dioxide according to Werner’si method 
(T., 1918, 113, 20). The dried precipitate was extracted with 
benzene, from which, on keeping, brownish-yellow crystals melting 
at 209° separated. This substance was identified as p-a-naphthal- 
phthalein (Grabowski, Ber,^ 1871, 4, 725; 1873, 6, 1065). It gives 
a deep blue coloration with alkalis, and is not converted into 
a-naphthafluoran on heating above its melting point or with con¬ 
centrated sulphuric and boric acids. On keeping the benzene 
mother liquors, a small quantity (about 1 per cent.) of a-hydroxy- 
naphthacenequinone (Deichler and Weizmann, Zor. cit, ; D.R.-P. 
134985) was isolated in orange-red nee^lles melting at 303°. The 
residue left after extracting the precipitate with benzene dissolved 
in ethyl alcohol, from which it separated in pinkish-yellow, pris¬ 
matic needles melting at 234—235°. This substance was identified 
as o-a-naphtholphthalein (Copisarow and Weizmann, | Zoc. 
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Csanyi, loc. cit.). It gives a deep green coloration (probably due 
to the o-quinonoid structure) with alkalis, and is converted into 
o-naphthafluoran on heating alx)ve its melting point or with con¬ 
centrated sulphuric and boric acids. In this condensation, the 
yield of crude a-naphtholphthalein (dried precipitate) was 45 per 
cent., whilst that of a-naphthafluoran was 20 per cent., of the 
theoretical. The proportion of p-a- to o-a-naphtholphthalein is 
about 4 to 1. When the period of heating was reduced from three 
hours to one, the yield of crude a-naphtholphthalein was increased 
to 50 per cent., and that of a-naphthafluoran reduced to 17-3 per 
cent. The best yield was obtained by heating an intimate mixture 
of phthalic anhydride, a-naphthol, and zinc chloride in a shallow 
basin in an air-oven at 100® for half an hour. The yield of 
a-naphtholphthaleiu reached 59*3 per cent., and that of a-naphtha¬ 
fluoran 30 })er cent., of the theoretical. Sorensen and Palitzsch 
(loc. cif.) obtained a 20*7 per cent, yield of a-naphtholphthalein by 
heating phthalyl chloride with a-na})hthol, whilst Werner (loc. r/f.), 
carrying out the condensation of phthalic anhydride with 
a-naphthol in the presence of concentrated sul])huric acid, found 
the yield to be 22*4 per cent, of the theoretical, the yield of 
a-naphthafluoran being very small. 


aphilnifliiomo ^ 0 

/\/\ 

I o 

\/\/ 

CO 


A rmxture of 14*8 grams of phthalic anhydride, 30 grams of 
zinc chloride, and 28*8 grams of 0-naphthol was heated for four 
hours at 100°. The product was extracted several times with 
boiling water and then with a hot dilute solution of sodium hydr¬ 
oxide. (On acidifying the brownish-red, alkaline extract, a brown 
precipitate was obtained, which, owing to its minute quantity, could 
not be investigated. From analogy to other condensations, this 
precipitate was probably the corresponding quinone. The residue 
insoluble in, alkalis, after being crystallised from acetic add, melted 
at 293°, and was identified as i3-naphthafluoran (Meyer, Ber., 1891, 
24 , 1414; 1893, 26 , 206). The yield was 12*5 per cent, of the 
theoretical, as compared with 7 per cent, obtained by Meyer. 

The si^aightdine configuration for P-naphthafluoran may be 
accepted m the more probable one, for reasons similar to those 
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advanced in the case of phthaloyl- and diphthaloyhcarbazoles 
(Copisarow and Weizmann, loc, cit.). 

The formation by a-naphthol of phthaleins which give intensely 
coloured sensitive alkaline salts, and the failure of jS-naphthol to 
form a phthalein, may be used as a colour reaction for identifying 
small quantities of a-naphthol in iS-naphthol. 

The author wishes to express his thanks to Messrs. G. Greenwood 
and J. J. Sampey for assistance with the cresol condensations. 

The cost of this research W8is partly covered by a grant from 
the Research Committee of the Chemical Society, for which the 
author desires to express his thanks. 

Chemical Department, 

The University, 

Manchester. \ Received, February ^rd, 19*20.] 


XXVII .—Certain Binary and Ternary Mixtures of 
Liquids having Constant Boiling Points. 

By William Ringrose Gelston Atkins. 

In the course of the distillation of commercial solvents for an 
industrial process, it was found necessary to study the possible 
mixtures of constant minimum boiling point afforded by the con¬ 
stituents. On examining the tables given by Young (“ Fractional 
Distillation,'' pp. 67—69), and in subsequent literature, it was 
noticed that a number of combinations, which from their physical 
properties might be expected to furnish such mixtures, had not 
been investigated or had been examined only in a cursory manner. 
This work was accordingly undertaken, and the following systems 
were studied. The bbiling points of the binary mixtures are shown 
under AB, of the ternary under ABC. A blank denotes that no 
mixture of constant boiling point is formed. Pressures are given 
in mm. of mercury, corrected to 0® under P, 

At this stage, however, a copy of Lecat's exhaustive examination 
of such mixtures came into my hands, the work having been com¬ 
pleted and published in Brussels in April, 1918, during the German 
occupation (Maurice Lecat, ''La Tension de Vapeur des Melanges 
de Liquides, L'Az^otropisme.'' Bruxelles: H. Laxnertin. pp. 319). 
It was found that all the binary mixtures given in this 
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A. 

B, 

G. 

AB, 

ABO. 

F. 

Acetone. 

Carbon tetra¬ 
chloride. 

Water. 

55*9° 

— 

763 

Methyl ethyl ketone. Carbon tetra¬ 
chloride. 

ft 

73-8 

65*7° 

760 

»» »» »» 

fert.-Butyl alcohol. 

ft 

790 

— 

762 

ft ft ft 

woPropyl alcohol. 

ft 

77-3 

— 

759 

ft ft >f 

wPropyl alcohol. 

ft 

— 

— 


tt tt ft 

Ethyl alcohol. 

Ethyl acetate. 

* 

— 

— 

Methyl alcohol f 

Carbon disulphide. 

Water. 

37-1 

— 

751 

Carbon tetra¬ 
chloride. 

-Butyl alcohol. 

tt 

710 

64*7 

768 


♦ Already known. 

t The addition of a little metliyl alcohol to carbon tetrachloride will 
reveid the presence of carbon clisiilphide, present as an impurity, by the 
formation of the mixture boiling at 37*1°. 

list had been studied, save 7^-propyl alcohol and methyl ethyl 
ketone. For all these, Lecat gives boiling points in good agree¬ 
ment with the figures shown here, save in the case of the mixture 
methyl ethyl ketone and tert.-hutyl alcohol. For this, Lecat 
records that the binary mixture boils constantly at 77*5°, whereas 
the figure here given is 79*0°. This was obtained by adding to 
methyl ethyl ketone, boiling at 79*6°, 18 c.c. of the tertiary alcohol. 
Boiling began at 74*8°, and became constant for four observations 
at 79*0—79*05° at fifty-eight to twenty-eight drops per minute. 

No attempt was made to analyse the binary mixtures of constant 
boiling point, since Lecat had done this. 

Of the ternary mixtures, the only one examined by Lecat, so 
far as could be ascertained, was that containing carbon tetra¬ 
chloride, -butyl alcohol, and water, for which no details are 
given. This mixture and the corresponding one, with methyl ethyl 
ketone replacing alcohol, were therefore analysed. 

To weighed quantities of the two major components, small 
weighed quantities of water were added, and the mixtures distilled 
up to the middle point between the boiling point of the ternary 
and the binary mixtures of constant boiling point in each case. 
It was assumed that all the water had passed over below this 
temperature, but this is not strictly accurate, as turbidity was still 
visible at the top of the distillation column near the side-tube. 
The quantity of carbon tetrachloride was then determined by 
measuring the volume it occupied after extraction of the distillate 
with water to remove the ketone and alcohol respectively. The 
latter were estimated by difference, but in the case of the ketone 
a direct estimation was also made by Messinger’s method, awlopting 
the usual precautions, and those advocated by Collischonn (/. Soc, 
Ghem, Ind., 1891, 10, 166) for acetone. The constant used was 
that 1 0 . 0 , of iT/lOdodine solution is equivalent to 0*00114 gram 
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of methyl ethyl ketone. The following are the compositions of the 
ternary mixtures of constant boiling point: 

Per cent. Per cent. 


Carbon tetrachloride. 85-0 74*8 

-Butyl alcohol (by difTorence) . 11*9 — 

Methyl ethyl ketone (by difference) . — 22-2 

yt ,y (Messiuger) . — 20-!♦ 

Water. 31 30 


♦ It is probable that the extraction of the ketone from the chloride was 
not quite complete, although a large quantity of water was used. 

In every case, the distillations were conducted with an electric 
hot plate.suitably screened with asbestos board. The thermometers 
had been corrected at the Reichsanstalt in 1913. An eight-section 
Young evaporator still-head was used throughout, for the loan of 
which, for the use of the chemicals, and for his advice, I am 
indebted to Prof. S. Young. I wish also to acknowledge my 
indebtedness to the Chemical Society for a grant for the purchase 
of chemicals, and to Prof. H. H. Dixon for permission to carry out 
the work in the School of Botany. 

Trinity Cotxeoe, January 20//?, 1920.] 

Dubijn. 


XXVIII .—The Estimation of Nitrogen in Nitrocellulose 
and Inorganic Nitrates with the Nitrometer. 

By Ernest George Beckett. 

The estimation of nitrogen in inorganic and organic nitrates by 
means of the nitrometer is based on the reaction which occurs when 
a solution of the nitrate in concentrated sulphuric acid is shaken 
with mercury. This reaction may be represented by the following 
equation: 

3 H 2 SO 4 -f 2 HNO 3 -b 6 Hg = SHgjjSO^ -b 2NO + 4 H 2 O. 

The volume of nitric oxide evolved according to this equation 
is a measure of the quantity of nitrogen present as nitrate, and it 
is assumed for the purpose of calculation that the gas obtained is 
pure nitric oxide, and that all, and only the nitrogen present as 
nitrate or nitrite, has been converted into gas. 

It has been known for some time that these assumptions are not 
correct, and hence, if the method gives trustworthy results, it can 
only be by a compensation of errors. Several factors have been 
found to exercise considerable influence on the course of the reac* 
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tion, and thus it is essential that the method should be standardised 
as far as possible. Thus Marqueyrol and Florentin {BvU. Soc. 
chivi.y 1911, [iv], 9, 234) found that prolonged shaking causes a 
diminution of volume by reduction of the nitric oxide gas, and 
also a re-absorption of some of the nitrogen by the sulphuric acid. 
This cause of error becomes negligible if the shaking is not unduly 
prolonged and if the concentration of the acid is not too high. 

This reaction also occurs if the nitrometer is allowed to stand 
after the evolution of gas has taken place, but in that case the 
reaction is very slow. In an experiment with guncotton and 96*8 
per cent, acid, the original volume of 109 95 c.c. became 109 80 c.c. 
after standing for twenty-six and a-half hours. On the other 
hand, the time which elapses before the mixture of mercury, 
sulphuric acid, and nitrocellulose has been shaken, but after the 
two latter subst^ices have been introduced into the nitrometer, 
was found to have a marked influence on the results. This fact 
was discovered in the analytical laboratory of Messrs. Nobel’s 
explosives factory at Ardeer in 1914, when the war caused a large 
increase in the number of nitrocelluloses to be analysed, and thus 
rendered almost unavoidable a certain amount of delay in carry¬ 
ing out the analyses. 

Table I shows the influence of the time factor and of the con¬ 
centration of the acid on the results at this stage of the method. 

Table I. 

Detvrmumfutn of /utrof/en in r/nnrotfon with roriow^ fift'cnoths 
of sulphuric arul und the effect of alloirinti the nurture to 
stand before Jteinp shaken. 

Interval l)Ctwoen introdneing the guncotton and acid into 
Sulphuric the nitrometer and shaking being 

tM*id. ^ —. ■■ — .... , I . .. . . ^ 


Per cent. 

No time. 

1 hour. 

J hour. 

1 hour. 

17-20 hours. 

99-87 

12-63 

— 

— 

11-76 

— 


12-50 

— 

__ 

11-82 

— 

96-80 

12-94 

_ 

_ 

12-74 

10-14 


12-945 

— 

— 

12-68 

10-28 


12-93 

— 

— 

— 

10-71 


12-96 

— 

— 

— 


94-0 

12-975 

13-065 

— 

13-04 

11-90 

92-5 

12-73 

13-04 

13035 

13-015 

12-69 


12-57 

— 

— 

— 

— 


The influence of the same factors on the estimation of nitric acid 
is given in table II. The results given in this table with 93*3 per 
cent, acid were obtained with, pure sodium nitrate, and those with 



e of nitrogen in guncotton calculated 
from volume of crude gas. 
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the more concentrate add with a mixture of nitric and sulphuric 
acids. 

Table II. 

Determination of nitrogen in nitric acidr with varimn strengths 
of sulphuric acid and the effect of allowing the mixture to 
stand' in the nitrometer before being shahen. 

Interval between introducing the mixture 


Sulphuric 

into the nitrometer and shaking being 

acid. 

--- 

- - - —. 


Per cent. 

No time. 

1 hour. 

17 hours. 

99-87 

2-081 

2-058 

1-948 


2-098 

— 

—- 

93-3 

16-38 

16-31 

16-298 


16-38 

16-32 

— 


The results of both tables are shown graphically in Fig. 1. It 
will be noticed that the effect of time and conl^ntration of acid 



0 i J 3 1 2 3 Hours. 


Interval between introducing guncotton and acid into nitrometer and shaking. 

was much less in the absence of organic matter, but the influence 
of allowing the mixture to remain, even with 93*3 per cent, add, 
is quite noticeable, and that with the stronger add is quite marked. 

Marquerol and Florentin found that the highest figures were 
obtained with 94 per cent, add, but this result was not confirmed 
by experiments (not published) carried out by chemists in ex¬ 
plosives works. It was generally found that 96—97 per cent, acid 
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gave the highest results, and thus it came about that this strength 
of acid is that most generally used for nitrometer work. 

Neither Marquerol and Plorentin nor the other chemists who 
investigated the question were apparently aware of the importance 
of the time which elapses between the introduction of the guncotton 
into the nitrometer and the shaking, and the discrepancies in the 
results may be accounted for by this. 

Table I shows that the highest figures were obtained with the 
weaker acids, but only if a sufficient interval was allowed to elapse 
before shaking. If the nitrometer was shaken immediately after 
the guncotton was introduced, higher results were obtained with 
96*8 per cent, acid than with 92*5 per cent. acid. 

It is clear from these results that it is preferable to work with 
a weaker acid, as the results are less influenced by the time factor 
than they are with the stronger acid; but the most important 
question is to determine which results represent most closely the 
true nitrogen content. 

Marqueyrol and Florentin, by comparing the nitrometer method 
with Schloesing’s method, found that the former gave correct results, 
but it is unsafe to determine the trustworthiness of one method by 
comparison with another equally unproven method. 

In a previous communication (»7. Soc, Chem. Ind,, 1914, 33, 
628), the author attacked the problem in another way, and found 
that with guncotton and 96 per cent, acid the various errors balance 
one another, and that therefore the results were correct. This 
statement was supported by the analysis of the gas and the estim¬ 
ation of the nitrogen in the sulphuric acid residues by Kjeldahl’s 
method. 

It has been found since that Kjeldahrs method in this case does 
not show all the nitrogen—that some of the nitrogen in the residual 
sulphuric acid is not converted into ammonia on heating, but is 
given off in the form of nitrogen or nitrous oxide. 

As the conclusion previously drawn must have been wrong, owing 
to a part of the nitrogen having escaped detection, it was decided 
to repeat the work on a more elaborate scale, and, so far as possible, 
to test every method of analysis employed with the view of dis¬ 
covering any source of loss. 

This research deals principally with the estimation of nitrogen 
in nitrocelluloses, and the great difficulty was the determination 
of the true nitrogen content. There is no method known of ascer¬ 
taining this simply and accurately. The method adopted was the 
same as that used in the previous investigation, namely, (1) the 
analysis and measurement of the gas evolved; (2) the analysis of 
the sulphuric acid residues. AJ the nitrometer estimation is carried 
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out in a closed glass vessel sealed by mercury, the nitrogen entering 
in the form of nitrocelluloses must, after the experiment, be either 
in the gas or in the acid, as it may be taken for granted that it 
cannot bo absorbed in any quantity by the mercury. Besides the 
nitrogen- introduced into the nitrometer as nitrocellulose, a small 
quantity enters in the form of dissolved gaseous nitrogen in the 
sulphuric acid. If, then, the gas is accurately analysed and 
measured, and all the nitrogen in the sulphuric acid residue 
correctly estimated, the quantity of nitrogen in the nitrometer is 
correctly known, and by subtracting the nitrogen introduced by 
the sulphuric acid, the actual quantity of nitrogen in the nitro¬ 
cellulose can be calculated. This method of procedure has the 
advantage that the results show to what the discrepancies in the 
estimation by the nitrometer are due. 

In this paper, the methods adopted for the analysis of the gas 
and the residual acid are described in Part I, and the actual 
experimental figures obtained are given and discussed in Part II. 

Part I. 

Methods of Aiiah/su. 

Aimh/su and Measurement of the Gas .—The gas was transferred 
from the nitrometer to a gas-analysing apparatus similar in prin¬ 
ciple to that recommended by Bone and Wheeler, but specially 
designed for the particular requirements of the case. The gas may 
contain, besides a large quantity of nitric oxide, small quantities 
of sulphur dioxide, carbon dioxide, nitrous oxide, nitrogen, and 
carbon monoxide. The analysis was carried out in the following 
order: 

(1) Absorption of sulphur dioxide and carbon dioxide. 

(2) Absorption of nitric oxide. 

(3) Absorption of carbon monoxide. 

As the gas is evolved in the dry state in the nitrometer, it was 
measured dry. Great difficulty was experienced in attempting to 
do this at first, but by washing the measuring vessel before use with 
75 per cent, sulphuric acid and leaving one or two drops of it in 
the vessel, the results became more satisfactory. A more concen¬ 
trated sulphuric acid was not used, as nitric oxide reacts with 
concentrated sulphuric acid and mercury, and a weaker acid could 
not be used, as the vapour tension becomes too high. The vapour 
pressure of 75 per cent, sulphuric acid being about 0*7 mm. at the 
ordinary temperature, the true dry volume of the gas was taken 
as being 299/1000 of that measure^. As the carbon dioxide and 
sulphur dioxide were absorbed by diy sodium hydroxide, the volume 
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was also measured dry after these gases had been eliminated. After 
absorption of the nitric oxide by ferrous chloride solution, the 
residual gas was measured wet, and as the volumes of gas dealt 
with at this stage of the analysis were comparatively small, no 
appreciable error was incurred in neglecting the vapour tension. 
In order to avoid a constant drying of the apparatus, one part was 
used exclusively for measuring the dry gas and another part only 
for the latter portion of the analysis. The gas was first transferred 
from the nitrometer into a gas-measuring vessel, which was 
immersed in water, kept stirred by a stream of air being bubbled 
through it, and measured dry after having been brought to atmo- 
s])heric pressure. 

Esfinuition of the (Uirhnn Dioxide (md Sulphur Dioxide. — Owing 
to the possibility of carbon dioxide and sulphur dioxide being 
absorbed by the reagents used for eliminating the nitric oxide, these 
were estimated first. Alkali hydroxides are stated to react with 
nitric oxide, and this was found to be. indeed, the case with solid 
potassium hydroxide. Solid sodium hydroxide, however, was found 
to have no influence, as the following figures show. 

Table III. 

Sho/riup the firtiou of uifrie oxide on pofaffitiinn hydroxide. 



Volume of gas 
at N.T.P. 

Difference 


in c.c. 

in c.c. 

Oripnal volume. 

iio:u> 

— 

After one hour over KOH . 

109-22 

M4 

After another hour over KOH 

the 


latter having been moistened . 

109 08 

0-14 

After another hour . 

108-59 

0-49 


107-90 

0-()9 

,, ,, . 

107-22 

0-68 


The large diminution in volume which occurred at first was due 
to the presence of carbon dioxide and sulphur dioxide in the gas. 
The gas was then allowed to act on a stick of solid sodium 
hydroxide. 

Table IV. 


Showinp the action of nitric oxide on sodium hydroxide. 



Volume of gas 
at N.T.P. 

Difference 


in c.c. 

in c.c. 

Original volume. 

10711 

— 

After one hour over NaOH . 

107-09 

0-02 

After another hour over NaOH which 
had been slightly moistened . 

107-l(i 

-007 

After another hour and a half . 

10713 

0-03 

After two hours over a stick of 
calcium chloride . 

10708 

0-05 
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In the actual analysis, the gas was allowed to remain for two 
to three hours in contact with the stick of sodium hydroxide. The 
latter was tested on several occasions for nitrites and nitrates by 
Devarda's method, in order to ascertain if any nitrogen was 
abstracted from the gas by this treatment, but no appreciable 
quantity could be found. 

Estimation of the Nitric O^rw^c. -The gas, after absorption of 
the carbon dioxide and sulphur dioxide, consisted mainly of nitric 
oxide, and contained also small quantities of carbon monoxide, 
nitrogen, and nitrous oxide. The latter gas, owing to its great 
solubility in most solutions, gave much trouble, but a concentrated 
solution of ferrous chloride seemed to be specially suited for 
separating nitrous oxide from nitric o.dde, as the solubility of the 
former gas in it was found to be about 16 per cent, at the ordinary 
temperature. Altogether, 9 c.c. of ferrous chloride solution were 
generally used for absorbing the nitric oxide, and this solution 
could have absorbed 1*4 o.c. of nitrous oxide. Under the condi¬ 
tions of the experiment, however, it was found by a trial with a 
synthetic mixture that not more than 0*34 c.c. was absorbed during 
the analysis of a mixture containing 9 c.c. of nitrous oxide and 
109 o.c. of nitric oxide. When the quantity of nitrous oxide was 
much smaller, as was usually the case, the loss must have been 
much less. 

In the actual analysis, the gas was treated with 7 c.c. of con¬ 
centrated ferrous chloride solution tintil no further diminution of 
volume occurred. It was then treated with 0*5 to 0*75 c.c. of the 
same solution for one to two hours at ordinary atmospheric 
pressure. Very little diminution occurred as a rule during this 
last treatment. The gas was then immediately measured. Wash¬ 
ing with water is not permissible, as the solubility of nitrous oxide 
at the ordinary temperature is about 80 per cent, by volume. It 
was found that even with the small quantities of gas usually dealt 
with at this stage of the analysis, treatment with 2 o.c. of water 
caused a loss of 0*3 o.c., although the gas contained a large propor¬ 
tion of nitrogen and its volume was only about 1 c.c. 

Estimation of Carbon Monoxide ,—The solubility of nitrous oxide 
in ammoniacal cuprous chloride was found to be about 30 per cent, 
by volume, that is, twice that in ferrous chloride. Moreover, 
treatment with ammoniacal cuprous chloride has always to be 
followed by a treatment with water or dilute acid to ateorb the 
ammonia left in the gas. This double treatment caused such an 
appreciable loss of nitrous oxide that the use of this absorbent for 
carbon monoxide had to be avoided. Acid cuprous chloride was 
found to be no better. 
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An attempt w&s made to analyse the mixture by keeping the 
gas over a heated mixture of copper oxide and copper. Tho 
carbon monoxide would be oxidised to carbon dioxide, and the 
nitrous oxide reduced by the copper to nitrogen. This method was 
found to work quite well if the gas was kept for half an hour in 
contact with the mixture at 250*^. One treatment was found to 
be sufficient when the gas was poor in carbon monoxide, but when 
the latter was present to the extent of 50 per cent, or more, two 
treatments were necessary. 

The copper was prepared by precipitation from a solution of 
copper chloride with a rod of pure zinc. Copper sulphate could 
not be used for this purpose, as the product then contains small 
quantities of copper sulphide. The copper oxide was first prepared 
by igniting copper nitrate, but it was found that the ordinary 
copper oxide, as used for combustions, made by igniting copper 
wire, was just as suitable. 

A mixture of about equal parts of these two substances was 
placed in a glass bulb having a little more than twice the volume 
of the gas to be analysed, and the bulb connected to the gas- 
measuring apparatus by a glass capillary tube and an indiarubber 
tube connexion. Before each experiment, a small piece of fresh 
filter paper was inserted in the capillary tube to absorb any liquid 
which it was difficult otherwise to prevent from being drawn into 
the bulb. The bulb and contents were then heated in an oil-bath 
to 250—280^ and exhausted. The gas to be analysed was admitted, 
heated for an hour, and pumped out again. The volume was then 
measured, the carbon dioxide absorbed, and the volume measured 
again. The diminution represented the volume of carbon mon¬ 
oxide. As the proportion of the latter gas was small, by adopting 
the procedure described, incomplete exhaustion of the bulb before 
the treatment had no effect on the results, and even if a trace of 
the gas had been left in the bulb after treatment, the accuracy of 
the analysis was not appreciably impaired. 

No attempt was made t-o ascertain the proportion of nitrous 
oxide to nitrogen in the nitrometer gas. They were both classed 
together, as they contain the same quantity of nitrogen per c.c. 


Estimation of the Nitrogen in the Sulphuric Acid Residues. 

Estimation of the Gases Evolved on Heating. —A flask of the 
shape shown in Fig. 2 was filled with mercury, care being taken 
that no air was left adhering to the sides of the vessel. It was 
then inverted, with the end of the long tube dipping in a trough 
of mercury. By this means, a Torricellian vacuum was produced 
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in the vessel, which contained no apprecialfft' jp[uantities of 
permanent *gas. 

The sulphuric acid residue was transferred from the nitrometer 
to the funnel, and allowed to be drawn into the vessel, care being 
taken that no air was sucked in with it. The. nitrometer was 
washed with two quantities of 5 c.c. of sulphuric acid, which were 
also transferred to the flask in the same way. The flask was gently 
heated, as in a Kjeldahl estimation, and the sulphur dioxide pro¬ 
duced by the action of the mercury which had been left in the 
stopper of the apparatus and had been sucked in, together with 


Fig. 2. 



the sulphuric acid, swept out all the other gases in a comparatively 
short time. The gases were collected over 20 c.c, of a 30 per cent, 
solution of potassium hydroxide, and consisted in the case of gun¬ 
cotton mainly of carbon monoxide with a little nitrogen and 
nitrous oxide. The acid from an analysis of an inorganic sub¬ 
stance gave only nitrogen and nitrous oxide. It is curious that 
nitric oxide was never found in these gases in appreciable quanti¬ 
ties, although the sulphuric acid must have been saturated with 
the gas when it was in the nitrometer. The mercury dissolved in 
the sulphuric acid is in the form of mercurous sulphate in the nitro¬ 
meter, but after the acid has been heated, the mercurous sulphate 
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is converted intcT tfiL^^iio sulphate. - No doubt tW nitric oxide is 
reduced-at the higher temperature by the mercurous sulphate to 
nitrogen or nitrous oxide. 

After the evolution of gas had almost ceased, which occurred 
when the drop of mercury had dissolved, the sulphuric acid was 
heated to boiling until the liquid appeared transparent, but not 
necessarily colourless. Experiment showed that heating until 
colourless, and heating for several hours after the acid had become 
colourless and after the addition of potassium sulphate, had no 
effect on the amount of ammonia formed in the sulphuric acid. 

The gas collected over the potassium hydroxide, which in the 
case of nitrocellulose usually amounted to 2 to 3 c.c., was trans¬ 
ferred to the wet gas analysis apparatus, and the carbon monoxide 
removed by heating over copper and copper oxide and treatment 
with sodium hydroxide. In this case, where the quantity of carbon 
monoxide was very much greater than that of the nitrogen gases,' 
the actual residue of nitrogen was measured, and not the diminu¬ 
tion in volume on treatment with potassium hydroxide, as described 
above. 

Experiments were carried out in order to ascertain whether the 
20 c.c. of potassium hydroxide dissolved an appreciable quantity 
of nitrous oxide, which would thus escape detection. A concen¬ 
trated sulphuric acid was prepared containing a known volume of 
dissolved nitrous oxide in solution. A weighed quantity of this 
acid was subjected to the same treatment as the sulphuric acid 
residues from the nitrometer estimations, and the volume of gas 
obtained was only 0*11 c.c. short of that which the acid contained. 
This experiment represents an extreme case, as the quantity of the 
gas was greater than that usually found, and it consisted of pure 
nitrous oxide, whereas in the actual analysis of nitrocellulose acid, 
the proportion of nitrous oxide in the gas must have been less than 
25 per cent. 

The potassium hydroxide after an experiment with nitrocellulose 
was examined for nitrates and nitrites by Devarda's method, but 
none could be found. Blank experiments were always carried out 
with the same quantities of the same sulphuric acid as used in the 
actual analysis, and the results obtained in these really represent 
the quantity of gas dissolved in the sulphuric acid. In the 
blank experiments, however, the gas contained also a small quantity 
of oxygen, which had to be removed with alkaline pyrogallol 
solution. 

SiPimation of Ammoma formed in the Add ,—^The sulphuric 
add after it had beOH boiled untir transparent was transferred to 
li ^Ohhd-bottolned litre flask, and after adding an excess of sodium 
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^^yc^oxide suffioi^t aodium siilpbide to convori til t)ie mtroBry 
present into sulphide, the ammonia was distilled oft into a known 
quantity of iV/lOO-acid. The add was then titrated with iV’/lOO- 
^dium hydroxide. 

Blank determinations were always carried out with the same 
quantities of the same sulphuric add, sodium hydroxide, sodium 
sulphide, and water as in the actual analysis. 

Many attempts were made here also to ascertain if any loss of 
nitrogen occurred. 

The ammonia distillation was carried out with the addition of 
Devarda’s alloy and other reducing agents in a variety of ways 
without increasing the result. 

The distillation of ammonia was also carried out under diminished 
pressure, and the evolved gases were collected, but the quantity of 
gas so obtained, namely, 0*29 c.c., was not much greater than that 
given o£P in a blank determination, namely, 0*20 c.a 

The addition of sodium sulphide was found to be essential. 


Part II. 

Ducussion of Results Obtained, 

The following are the details of the nitrometric method which 
was used for obtaining the results given in this paper. The method 
is similar to that used in many explosive factories. 

The nitrometer was first washed out with concentrated sulphuric 
acid, and the cup washed with distilled water and dried. 

Dried and sieved nitrocellulose (0*5—0*55 gram) was placed in 
a weighing bottle and heated to 96° in a steam-bath for one hour. 
The weighing bottle was then accurately weighed, the nitrocellulose 
dropped into the cup of the nitrometer, and the empty weighing 
bottle weighed again. Five c.c. of the sulphuric acid of specified 
strength were added to the cup, the nitrocellulose was stirred in 
the acid with a glass rod, and run into the nitrometer. The cup 
was then washed with successive quantities of 2*5 c.c., 2*6 c.c., and 
5 c.c. of the same acid, and these were run into the nitrometer as 
well. The whole operation of washing the nitrocellulose into the 
nitrometer with the 15 c.c. of add occupied five minutes. After 
the introduction of the acid and nitrocellulose, the nitrometer was 
allowed to stand for the specified time and then vigorously shaken 
for one and a half minutes. It was allowed to stand for ten 
minutely, again shaken vigorously for one minute, and the gas 
transferred to the measuring vessel described above. 

The sodium nitrate was introduced into the nitrometer cup ii^ 



Tabus V. 

Giving analytet of the varioiu produett of fdtrometer determinationt. 
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the same WAy aa the guncetton, but it was then dissalved in two 
portions of water of 0*5 c.c. each, which were run into the nitro¬ 
meter, and the cup was washed with 96*8 per cent, sulphuric acid, 
as described above. In this case, the addition of the water reduced 
the concentration of the acid to 93*3 per cent. 

The results are given in table V. 

The results for the various kinds of nitrocellulose under the same 
conditions show that they act in the nitrometer in the same way 
under normal conditions with 96*8 per cent, acid; the only essential 
difference observed was the quantity of carbon dioxide and sulphur 
dioxide in the gas evolved from guncotton. This difference is not 
caused by any special behaviour of the guncotton itself, but by the 
presence of calcium carbonate, as the following figures show. 

Table VI. 

Giving 'percentage of calcium carbonate in the nitroceUuloses u^eJ. 

CaCOg. COg from 0*63 gram. 

Per cent. c.c. 


Dupont high nitrogen guncotton ... 0 02 0-026 

(jluncotton . 0-26 0-29 

Highly soluble nitrocellulose . 0-02 0*026 

Blasting soluble nitrocellulose. 0*06 0*07 


Taking the figures as a whole, it will be seen that under all 
the conditions examined, the results calculated from the crude gas 
with both inorganic and organic nitrates were too low. The best 
result for guncotton was obtained with 92*5 per cent, acid and an 
interval of fifteen minutes between the introduction of the gun¬ 
cotton and add into the nitrometer and the shaking. It will also 
be observed that the best results are concomitant with a high degree 
of purity of the gas and, at the same time, a small content of 
nitrogen in the residues. With guncotton, the purest gas is 
obtained with 92*5 per cent, add, and no interval between the 
introduction of the nitrocdlulose and the shaking; but in this case 
a large amount of nitrogen is retained by the add, due, apparently, 
to incomplete decomposition of the guncotton. 

The table also shows that the errors in the case of inorganic 
nitrates are smaller than thqy are with nitrocelluloses; hence the 
standardisation of the nitrometer with pure sodium or potassium 
nitrate does not necessarily eliminate the errors of the determin- 
; ation of nitrogen in organic nitrates. 

The use of the more dilute sulphuric adds is advisable, not only 
bn bccaunt of the better results obtained, but also because they 
genetally contain a smaller quantity of dissolved nitrogen. 

Nitrogmi appears to dissolve in a greater degree the more con- 
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centrated the acid between the limits of 90 and 100 per cent.; 
hence more dissolved nitrogen is usually found in the more highly 
concentrated adds, as the figures in table VII show. These figures 
have been calculated from the blank experiments mentioned on 
p. 229. 

Table VII. 

Dissolved nitrogen in concentrated stdphunc acid. 

Sulphuric acid. Percentage of nitrogen 
Per cent. by volume. 

99*87 309 

96-8 1-56 

940 Ml 

92-5 0-98 

The nitrogen from the sulphuric acid is partly driven out during 
an estimation by the escaping nitric oxide, and is thus partly 
responsible for the content of nitrogen in the latter gas. 

The separate estimation of nitrogen and nitrous oxide in the 
nitric oxide was not carried out in the above analyses, as these two 
gases contain the same quantity of nitrogen per c.c. In two cases, 
however, this was determined by combustion with hydrogen. The 
crude nitric oxide was obtained by shaking guncotton with 96 per 
cent, sulphuric acid, after allowing the mixture to remain in the 
nitrometer for about twenty-four hours. In one case this gas 
contained 4*6 per cent, of nitrogen and 6*8 per cent, of nitrous 
oxide; in the other experiment, the gas was found to contain 5*8 
per cent, of nitrogen and 5*6 per cent, of nitrous oxide. 

The large quantity of gas evolved on heating the residual 
sulphuric acid in some of the experiments described in table V was 
explained by the great solubility of nitrous oxide in concentrated 
sulphuric acid, which was found to be about 58 per cent, by volume 
at the ordinary temperature. 


Influence of the Quantity of Sulphuric Add. 

The question of the influence of the quantity of sulphuric acid 
used is of importance, as many firms, especially those in America, 
use 50 c.c. of 94—94*5 per cent, sulphuric acid and the Lunge 
volumenometer, instead of 15 c.c. as in the ordinary nitrometer. 
Apparently the larger quantity of acid is used to accelerate the 
decomposition, which with a smaller quantity of this strength of 
acid might regain incomplete unless a sufficient interval were 
allowed betw^h the introduction of the guncotton and the shaking. 
The larger quantity of nitric oxide dissolved in the acid is com- 



Table VIII. 

Giving results ohtasned with 50 c.c. of 94 per cent, sulphuric acid. 
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pensated by standardising the measuring apparatus with pure 
potassium nitrate. The results obtained with 50 c.c. of 94*0 per 
cent, add are given in table VIII. 

The results show that the ammonia formed in the residual add 
is the same as with a smaller quantity of a similar add, but that 
all the other sources of error are greater; hence the actual volume 
of gas obtained is smaller than with the ordinary nitrometer, and 
even standardisation with potassium or sodium nitrate does not 
produce results any higher or truer than those obtainable with the 
ordinary nitrometer. 

It may be mentioned here that in the experiments with sodium 
nitrate, the addition of 1 c.c. of water to 50 c.c. of 94 per cent, 
add produced an acid of about 93 per cent., that is, practically the 
same as that obtained in the other experiments with sodium nitrate, 
where 15 c.o. of 96*8 per cent, add were diluted with 1 c.c. of 
water. 

Conclimon. 

The general result of the research is that the nitrometric estim¬ 
ation of nitrogen in nitrocelluloses invariably gives results which 
are too low. 

It has been found that the interval of time which is allowed to 
elapse between the introduction of the nitrate and sulphuric add 
into the nitrometer and the shaking has a great influence on the 
results in the case of nitrocelluloses. The effect is less in the case 
of inorganic nitrates. 

The truest results are obtained by using 15 c.c. of 92*5—94*0 
per cent, sulphuric add, and by allowing a quarter to half an 
hour to elapse between the introduction of the nitrocellulose and 
add into the nitrometer and the shaking. In this case, the error 
is about 0-7 per cent., taking the nitrogen as 100. 

This research was carried out in the Research Laboratories of 
Nobel’s Explosives Co., Ardeer, and I wish to express here my 
thanks to Mr. J. Rogers, O.B.E., and to Mr. W. Rintoul, O.B E., 
for their kind permission to publish the results. 

Falkoik, 

STEEtLINOSHIBE. 
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XXIX.— The Preparation of Methylamme from 
Ammonium Methyl Sulphate, 

By William Smith Denham and Lionel Frederick Knapp. 

Werner (T., 1914, 105, 2762), who observed that methylamine is 
produced when ammonium methyl sulphate is heated, followed acidi- 
metrically the progress of the change to temperatures up to 275®, 
and regards it as being represented essentially by the equation 
NH 4 *S 04 Me = NH 3 Me*S 04 H, although at temperatures above 240® 
a small quantity of ethylene is formed owing to a subsidiary reac¬ 
tion. He records the separation under favourable conditions of an 
85*6 per cent, yield of methylamine. The methyl sulphates of the 
substituted ammonium bases behave similarly when heated, and 
the discoverer suggests that those reactions may be found of prac¬ 
tical value for the preparation of the substituted methylammonium 
bases. 

The results now communicated, obtained in an investigation of 
Werner’s reaction undertaken with the object of utilising it for the 
preparation of methylamine, indicate that, under the condition^ 
observed, the leaction is less simple than represented above, and 
that, at any temperature at which a noticeable transformation of 
ammonium methyl sulphate occurs, a mixture is produced con^in- 
ing ammonium, methylammonium, dimethylammonium, trimethyl- 
ammonium, and (probably) tetramethylammonium salts, as, indeed, 
is implied in Werner’s statement that '' the further progress and 
limit of the isomeric transformation may be expressed by the general 
equations: 

NH 2 RR'*S 04 Me = NHTlR'Me-S 04 H 
NHRR'R"-S 04 Me=NRR'B''Me-S 04 H,” 

for, ^onoe some methylamine is produced, the melted mass may be 
considered, as pointed out by Werner, to contain methylamine 
methyl sulphate among other salts. 

It is evident that the formation of secondary and tertiary amines 
need not become apparent in the acidimetric values, since, as 
indicated by equations given below, an interconversion of the 
amines may cause no alteration in the amount of free acid present. 
The products of the transformation were therefore separated 
approximately, and from these analyses it is concluded that, by 
heating ammonium methyl sulphate alone, about 26 to 30 per cent, 
of the ammonia can be converted into methylamine. When the 
period of heating is prolonged, the proportion of dimethylamine 
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aAd trimethylamine (taken together) in the product increases, but 
the absolute amount of methylamine does not alter very much. 

Methylamine is produced when a mixture of the sulphate of 
ammonium, dimethylamine, and trimethylamine is heated, and this 
supports the view that in the melted mass obtained by heating 
ammonium methyl sulphate, a state of equilibrium is attained or 
approximated to in which, as expressed by the equations 

2NH8Me-S04H zrr NH4-S04H + NH2Me2-S04H, 
2 NH 2 Me 2 -S 04 H “ 

salts of methylamine and ammonium are opposed. The addition 
of ammonium salts to the ammonium methyl sulphate may there¬ 
fore be expected to increase the yield of methylamine, an expecta¬ 
tion which is in accordance with the fact. When one equivalent 
of ammonium sulphate was mixed with ammonium methyl sulphate, 
a distinct improvement was observed in the yield of methylamine, 
but the mixture does not melt very readily, and, possibly on 
account of the imperfect fusion, the yield was not further increased 
when two equivalents of ammonium sulphate were added. Of the 
few other ammonium salts which it appeared to be practicable to 
use, ammonium benzenesulphonate was chosen. With ammonium 
methyl sulphate, this salt forms an easily fusible mixture, from 
which a greatly increased yield of methylamine is obtained, wniiSL 
the proportion of dimethylamine and trimethylamine produced 
(taken together) is greatly diminished. 

The possibility that the beneficial effect of the presence of 
ammonium benzenesulphonate may be related to the known methyl¬ 
ating action of methyl benzenesulphonate was not investigated; 
although this possibility might account for an increased yield of 
methylamine, it does not explain the alteration in the relative 
proportions of methylamine on the one hand and dimethylamine 
and trimethylamine on the other if we suppose the subsequent 
transformations to be reversible. No further sulphonation of the 
benzene residue was observed, and the improved yield cannot there¬ 
fore be ascribed to a partial removal in this way of free sulphuric 
acid, the presence of which, indeed, does not appear to be harmful 
and is probably necessary. 

The employment of gaseous ammonia suggests itself as a means 
of neutralising the free acid (supposing that desirable) and of 
supplying at the same time an increased concentration of 
ammonium salts, and an improved yield of methylamine was indeed 
obtained when ammonia in regulated amounts was admitted to the 
reaction vessel, but the method is inconvenient. At the ordinal^ 
temperature, ammonia reacts with ammonium methyl sulphate 

K* 
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with th© evolution of heat, probably owing to the occurrence ot 
the following or some similar reaction, 

NH 4 -S 04 M 6 + MeOH, 

and no methylamine is produced. 

It is concluded that, to obtain the best yield of methylamine 
by means of Werner's reaction, the ammonium methyl sulphate 
should be heated for one hour and a-half at 260® or at a slightly 
higher temperature, when the yield of methylamine is about 27 per 
cent, of the theoretical yield; when a mixture of ammonium methyl 
sulphate with two equivalents of ammonium benzenesulphonate is 
heated under conditions otherwise the same, the yield of methyl¬ 
amine is nearly 50 per cent, of the theoretical. 

Experimental. 

In most of the experiments summarised in the following tables, 
1/lOth gram-molecule (12*9 grams) of ammonium methyl sulphate 
contained in a test-tube was heated in an oil-bath. Excess of 
sodium hydroxide was added to the aqueous solution of the pro¬ 
duct, and the liberated bases were distilled, usually under 
diminished pressure, into aqueous hydrochloric acid. The hydro¬ 
chloric acid solution of the amines was then evaporated, at first on 
the water-bath under atmospheric pressure, and finally in a vacuum 
until the weight was constant. The dried mass was extracted 
twice by boiling with absolute alcohol, using 50 o.c. of alcohol for 
the first extraction and 25 c.c. for the second, and the residue of 
ammonium chloride was washed with 25 c.c. of cold alcohol. 
(When very large quantities of ammonium salts were present, a 
preliminary extraction was made with much alcohol, and the resi¬ 
due from the evaporation of the solution thus obtained was then 
extracted as above.) After removing the alcohol by distillation 
from the united alcoholic extracts and washings, the residual mix¬ 
ture of ammonium chloride and amine hydrochlorides was dried 
until constant in weight, and in some experiments this residue was 
extracted twice by boiling it with chloroform, using 50 c.c. of the 
solvent each time. According to Bresler (Ann. Chim. anal.^ 1901, 
6, 28; compare Behrend, Annalen, 1884, 222, 119), methylamine 
hydrochloride is insoluble in hot chloroform, whilst the hydro¬ 
chlorides of dimethylamine and trimethyl amine dissolve quite 
readily. When ammonium chloride alone was boiled with 60 o.o. 
and 25 c.c. of alcohol successively, the united extracts gave on 
evaporation 0*65 gram of ammonium chloride, and in the calcu¬ 
lation of the yield of methykminefrom the weight of the 
alcoholic extract, 0*55 gram has been deducted as an approximate 
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correction for tlie ammonium chloride present. The yield ” thus 
found is employed merely as a conventional method of comparing 
the results of experiments when more accurate methods of com¬ 
parison are not available, for the alcoholic extract contained the 
hydrochlorides of dimethylamine and trimethylamine, and prob¬ 
ably more ammonium chloride than was allowed for. The residue 
from the extraction with chloroform contained, besides methyl- 
amine hydrochloride, the ammonium chloride present in the 
alcoholic extract, and in calculating the yield of methylamine 
from the quantity of product dissolved by alcohol, but undissolved 
by chloroform, the same weight (0*55 gram) was first deducted. 
In several experiments, the proportion of methylamine in the 
residue from the extraction with chloroform was determined by 
Fran 9 ois’ method {Com'pt, rend,^ 1907, 144, 857), that is, by fix¬ 
ing the ammonia with yellow mercuric oxide and titrating the 
methylamine in the filtrate. 

In each of the experiments of which the results are summarised 
in this table, a tube containing 20 grams of ammonium methyl 
sulphate was placed in an oil-bath already heated to the desired 
temperature and removed after thirty minutes, the contents of the 
tube being at the maximum temperature for periods varying 
between fifteen and twenty minutes. Two-fifths of the product 
(derived from 8 grams of ammonium methyl sulphate) were used 
for titration, and from the remainder the amine hydrochlorides 
were prepared and extracted with alcohol, as described above. 
Although the part of the product treated in this way was derived 
from only 12 grams of ammonium methyl sulphate, the same 
approximate correction was made for the ammonium chloride pre¬ 
sent as in the experiments in which 12*9 grams were used, since 
the same quantities of alcohol were employed in the extractions. 
Werner’s results by titration after fifteen minutes’ heating at 
nearly equal temperatures are given for comparison. The yields 
of methyramine” are expressed as percentages of the theoretical 
yield if complete transformation occurred. The weight of methyl¬ 
amine hydrochloride from 12 grams of ammonium methyl sulphate 
would then be 6*27 grams. 

Effervescence occurred in all caseai, especially in 3 and 4, where 
the temperatures in the tubes rose above that of the bath, but 
both the effervescence and the evolution of heat slackened after a 
few minutes. The fused products from experiments 1 and 2 
were slightly yellow; those from 3 and 4 were dark reddish- 
brown. 
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Table II. 


In the experiments summa^riBed here, the period of heating was 
longer. 12*9 Grams of ammonium methyl sulphate were used for 
each experiment, the theoretical yield of methylamine hydro¬ 
chloride being 6*75 grams. 

The temperatures are those of the bath, initially at the ordinary 
temperature. 

I. 


No. 

of 


Duration 

of 


II. 

Weight of 
amine 
hydro¬ 
chlorides 


III. 

Yield of methyl- 
amine calculated 
from II after 
correction for am¬ 
monium chloride. 


experi¬ 

ment. 

5 

0 

heating. 

Hours. Temperature, etc. 

100 100^ 

f 5 hours up to 168®. 1 

* \2 hours at 160—168®. ! 

alcohol. 

Grams. 

0‘69 

0-70 

Percentage of the 
theoretical yield. 
21 

2-2 

7 

/2 hours up to 206°. i 
\4J hours at 196—206°. j 

3-24 

39-9 

8 

^ y 3 hours up to 255°. ) 

” \3 hours at 230—255°. j 

3-89 

49-5 

9 

... f\ hour up to 272°. ) 

{ i hour at 240--272°. / 

4-52 

58-8 


Partial SolubiUti/ of the Amine HydroMoride^ in Chloroform.. 
-Table III shows the proportion of the alcohol-soluble product. 


Table III. 


12*9 Grams of ammonium methyl sulphate were heated in each 
experiment, the theoretical yield of methylammonium chloride 
being 6*75 grams. 

I. II. 


No. Duration 


Weight of 
amine 
hydro¬ 
chlorides 


HI. 


Weight of 
amine 
hydro¬ 
chlorides 
dissolved 
by alcohol 
but un¬ 
dissolved 


IV. 

Yield of 
inethyl- 
amine 


V. 

Yield of 
methyl- 
amine 


calculated calculated 
from II from III 
after after 

correction correction 
for am- for am¬ 
monium monium 
chloride, chloride. 


of 

of 


dissolved 

by chloro¬ 

Percentage of the 

experi¬ 

heating. 

Tempera¬ 

by alcohol. 

form. 

ment. 

Mins. 

ture. 

Grams. 

Grams. 

theoretical yield. 

10 

18 

230—234° 

30 

21 

36-3 230 

11 

17 

254—258° 

3-74 

2*44 

47*3 28*0 

12 

16 

From room 

] 





tempera¬ 
ture to 

[ 3*47 

2*62 

43*3 30*1 


260® 
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found to be insoluble in chloroform. The results are confirmed by 
those displayed in later tables. In experiments 10 and 11, the 
vessels containing the ammonium methyl sulphate were placed in 
an oil-bath already heated to the required temperature. In ex¬ 
periment 12, the ammonium methyl sulphate was heated in 
sixteen minutes from the ordinary temperature to 260°, and then 
removed from the bath, when the temperature of the melted salt 
remained at about 260° for a minute or two, and then fell slowly. 

Nitrogen in the Still Residue .—In experiment (10), after the 
volatile bases had been removed by prolonged distillation of the 
alkaline solution of the product obtained on heating the ammonium 
methyl sulphate, the residue in the distillation flask was neutralised 
with sulphuric acid and evaporated to dryness. The dried residue 
was found to contain nitrogen. 

Effect of Ammonia on the Transformation .—In experiment (13) 
(table IV), a very slow current of ammonia was passed into the 
salt after it had been melted and heated to 170°; in* experiment 
(14), the flask containing the salt was heated rapidly to 220°, and 
then attached to a reservoir of ammonia gas under a pressure of 
100 mm., in addition to the atmospheric pressure; and in experi¬ 
ments (15), (16), and (17), ammonia, similarly under a slightly 
increased pressure, was present from the beginning. If the yield 
of methylamine were theoretical, and if all the acid formed were 
neutralised by ammonia, the total weights of hydrochlorides in 
column III would be 12*1 grams (5*35 grams of ammonium chloride 
and 6*75 grams of methylamine hydrochloride). 

Table IV. 

12*9 Grams of ammonium methyl sulphate were heated in each 
experiment. The oil-bath and contents were heated from the 
ordinary temperature. The temperatures are those of the bath. 

T. IT. III. IV. 

Yield of 
methylamine 
calculated 
fyom III 
after correc- 
Weip'ht of tion V t 
amine ammonium 




-*-S 

Weight of 

hydro¬ 

chloride. 

No. 

Duration 


amine 

chlorides 

Percentage 

of 

of 


hydro¬ 

dissolved 

of the 

experi¬ 

heating. 


chlorides. 

by alcohol. 

theoretical 

ment. 

Hours. 

Temperature. 

Grams. 

Grams. 

yield. 

13 

31 

11 hours at 234® 

8'89 

4*32 

65*9 

14 

31 

2 „ 260® 

713 

4*93 

64*9 

15 

31 

2 „ 260® 

7-48 

6*14 

68*0 

16 

2J 

2 „ 240® 

.11*27 

4*69 

69*9 

17 

21 

2 260® 
(rMobed 270®) 

12*16 

4*52 

68*8 
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Effect of Ammonmm Sulphate on the Transformation ,—Table V 
summarises the results of a study of the effect on the yield of 
methylamine of the duration of heating and of the presence during 
the reaction of different proportions of ammonium sulphate. In 
this series, the percentage of methylamine was determined by 
Fran 9 ois' method, already referred to, in that portion of the amine 
hydrochlorides which was dissolved by alcohol, but undissolved by 
chloroform. 

Estimation of the Diviethylamine and Trimethylamine in the 
Chloroform-soluble Part .—The following percentages of dimethyl- 
amine and trimethylamine hydrochlorides were found in the 
chloroform-soluble portions obtained in experiments 19 and 24, 
using Bertheaume's method (Compt. rend., 1910, 150, 1251), that 
is, by precipitating the trimethylamine as periodide and estimating 
volumetrically the trimethylamine in the precipitate and the 
dimethylamine in the solution : 

Dmethy’amine Trimethylamine 

hydrochloride. hydrochloride. 

Per cent. Per cent. 

Chloroform-soluble portion 

fr^m experiment 19 . 67*4 64*8 

Chloroform-soluble portion 

from experiment 24 . 27*0 31*6 

Although the comparison is not complete, since in experiment 
28 the percentage of methylamine in the chloroform-insoluble por¬ 
tion was not estimated, the results tabulated above indicate that 
two equivalents of ammonium benzenesulphonate are as effective 
as four. With the larger proportion of ammonium benzene¬ 
sulphonate, the mixture did not fuse so readily. 

Examination of the Residual Benzenesulphonate .—In experiment 
25, the amines were liberated by the addition of baryta, the excess 
of which was removed from the residue in the distilling flask after 
the distillation by means of carbon dioxide. The solution was 
then evaporated to dryness, and the barium estimated in the dried 
product. 

Found: Ba = 30*7. 

(C 6 H 5 *S 03 ) 2 Ba requires Ba = 30'4, and CpH 4 (S 03 ) 2 Ba requires 
Ba==36*7 per cent. 

General Comparison of Experiments made at about 260°.—In 
table VII are assembled those experiments in which ammonium 
methyl sulphate was heated for different periods at about 260°, with 
and without the addition of ammonia or of an ammonium salt. 
Two experiments made in closed vessels (29 and 30) are included. 
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Table VI. 

12*9 Grams of ammonium methyl sulphate were heated in each experiment, except in experiment 25, where 6*45 
graiiM were used ^d other substances in proportion. The figures show^n in the table for experiment 25 are the actual 
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Mtthylamint from a Mixture of the Sulphates of Ammonium, 
Dimethylammonium, and Trimethylammonium. —Five grams of the 
mixed hydrochlorides of dimethylamine and trimethylamine, 
obtained in the extractions with chloroform, were mixed with an 
excess of sodium hydroxide solution, and the liberated bases were 
distilled into an aqueous solution of 6 grams of sulphuric acid. 
The solution was neutralised with ammonia (but the presence of 
some free acid would doubtless have been advantageous), and the 
residue, after evaporation to dryness, was heated at 270^ for a 
short time. The bases were converted into the hydrochlorides and 
extracted with alcohol, and then with chloroform, which dissolved 
1*55 grams. After purification of the portion insoluble in chloro¬ 
form, 0-44 graun of methylamine hydrochloride was obtained. 

Chemical Laboratory, 

St. Mary’s Hospital Medical School, 

Paddington. [Received, January 1920.] 


XXX .—The Behaviour of the Coustitueuts of Banded 
Bituminous Coal on Coking. Studies in the 
Composition of Coal. 

By Rudolf Lessing. 

The four main constituents of banded bituminous coal have been 
isolated and described by Stopes (Proc, Boy. Soc., 1919, [i?], 90 , 
470) mainly from the microscopical and palaeobotanical point of 
view, and designated by her fusain, durain, clarain, and vitrain 
respectively. These four ingredients, derived from the Thick Coal, 
Hamstead Colliery, have been chemically investigated recently by 
Tideswell and Wheeler (T., 1919, 116, 619). Their researches 
comprised proximate and ultimate analysis, the action of solvents 
and of reagents on the four substances, and their destructive dis¬ 
tillation in a vacuum with examination of the gaseous and liquid 
products. This vacuum distillation was carried out under con¬ 
ditions which yielded in each instance, not a coherent coke, but a 
solid residue consisting of loose particles little different in outward 
appearance from the original materials, although shrunk in total 
volume. 

At the suggestion of Drs. Stopes and Wheeler, I investigated the 
behaviour of samples of fusain, durain, clarain, and vitrain upon 
coking in an apparatus previously described by me (J, Soc. Chem. 
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Ind.y 1912, 81 , 466, 671; Tram, Inst, Gas Eng., im, 242; see 
also/. Gas Lighting, 1912, 118 , 815, 865). The method consists 
briefly in placing 1 gram of the coal sample into a cylindrical silica 
retort of approximately 1*25 cm. internal diameter and fitted with 
a side-tube 6*5 cm. from the bottom, and heating it in an electric 
furnace. A loosely fitting piston weighing 7‘5 grams is placed on 
the coal charge, compressing it slightly, while allowing the gases 
and vapours to escape freely. These are led through the side-tube 
and a cotton-wool scrubber into a eudiometer. 

Tideswell and Wheeler heated each sample for several days, 
raising the temperature by only 50® at a time in order to remove 
completely every trace of gas or liquid volatile at each stage of 
decomposition. The great difference in my procedure from theirs 
is that, apart from the coal being heated in a confined space, the 
whole period of carbonisation extends over a few minutes only, 
and that there is a considerable temperature gradient from the 
outside to the interior of the coal, at any rate during the first 
minute or two, which permits the re-condensation of some primary 
products of decomposition and their reaction with coal which has 
not yet undergone any considerable thermal change. By this 
reaction of an original or partly carbonised coal with primary pro¬ 
ducts and the secondary decomposition of the latter, a coherent 
coke is formed. 

This fundamental difference of the working conditions must be 
borne in mind when comparing the quantities and properties of 
products obtained by Tideswell and Wheeler with those found in 
this researdi. 

The investigation was principally directed to ascertain any dis¬ 
tinctions exhibited by the solid coking residues of the four coal 
constituents. The yields of liquid and gaseous products at the two 
temperatures employed, namely, 600® and 900®, were, however, also 
determined. 

The samples originally submitted were fine powders passing 
through a 200-me8h screen. As was to be expected, the gas space 
between the particles of such powders was not sufficient to permit 
of the gas readily disengaging itself, especially during the evolution 
of the large volumes generated during the initial distilling period. 
It was therefore found that a few seconds after inserting the retort 
into the hot furnace a certain portion of coal dust was thrown up 
beyond the piston, passing between it and the retort wall, thus 
escaping carbonisation in the relatively cool upper part of the 
retort. This portion of the sample was finally weighed as carbon, 
producing a corresponding defidency in the coke, tar, and gas 
figures. The small quantity of coal snbstanoe extracted from this 
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p6rtion witlf cMdtof6rm^ and' consequently weight as tar, i^as 
regarded as negligible. 

In order to avoid this drawback, another set of samples (except 
fusain, which was obtained almost exclusively as powder), which 
had been crushed to paas through 10 mesh and remain on 60 mesh, 
was kindly supplied by Dr. Wheeler. For the purpose of avmd- 
ing the fairly large spaces formed by the cohesion of these particles 
along comparatively few lines of contact, a third series of samples 
was prepared by crushing these specimens to a size passing through 
30 mesh and remaining on 90 mesh. This size contained spaces 
large enough to allow free escape of gas, and left the solid particles 
in closer aggregate. These showed a higher sintering or agglutin¬ 
ation effect, even under the slight pressure of the silica piston and 
with the short period of complete carbonisation, which are in¬ 
significant when compared respectively with the weight of super¬ 
imposed coal, say, in a gas retort or coke-oven and with the 
duration of a large^scale charge, which may take as many hours 
or more as minutes are required in this test. 

The results of the two series of experiments are recorded in 
tables I and II. The gas-production curves are shown in Figs. 1 
and 2, and it should be noted that the volumes plotted could not be 
corrected for N.T.P. Photographs of the coke residues obtained 
are shown in 4/5 natural size in plates A and B. 

Coke Residues ,—The distinctive physical character of the coke 
obtained from the different specimens under varying conditions is 
the most interesting and important outcome of this research. The 
differences between fusain, durain, clarain, and vitrain already 
observed by Stopes and Wheeler are shown here in an accentuated 
form. The differences exhibited by the coke specimens from the 
four substances are not less remarkable than the consistency of 
properties observed with each one of them under varying conditions 
of size and heating. This constancy is even observable in details 
which appear somewhat obscured in the photographs, and particu¬ 
larly with the '‘fine ” specimens. 

Fusain ,—Fusain shows no outward change in appearance after 
coking. It has no tendency whatever to adhere, and the solid 
coking residue is therefore a powder, like the original specimen. 
The particles retain their fibrous structure and dull black colour. 
No differences in appearance are observable between residues 
obtained at 600® and 900®. 

IhMrmn ,—^Durain undergoes practically no change of form during 
coking. The particles retain their angular shape and show little 
tendency to adhere to each other, although more than fusain. This 
appHee particularly to the 600® seriee, and it W‘as found impoesible 
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to preserve a complete coke cylinder from the coarse specimen for 
photography. In several attempts, portions of the coke crumbled 
away, as shown in the photograph. At 900^ the coke specimens 
are somewhat firmer, but in general durain must be regarded as 
practically devoid of any ‘^coking value/^ The colour of the coke 
is the same dull, greyish-black as that of the original durain. 

Glarain .—Clarain showed considerable fusion and merging of 
particles. At 900® most of the fine and medium-sized particles 
lost their identity almost completely, whilst even the coarse ones 
sintered or fused to rounded shapes which firmly cohered or fluxed 
together with their immediate neighbours. A peculiarity, which 
may or may not be significant, is that all clarain cokes made at 
900® had a vertical crack which made them appear as of ellipsoid 
cross-section. They also showed a tendency to “mushroom” form¬ 
ation, which was, however, not as definite as in the vitrain speci¬ 
mens. All clarain cokes showed a peculiar brown sheen. 

Vitrain .—The vitrain particles were well sintered and showed 
rounding of the angular edges, but the consolidation of particles 
did not go so far as with clarain. The colour is a silver-white of 
high lustre. The coke specimens from vitrain were the most dis¬ 
tinctive in shape. This was of the “mushroom” type previously 
described {loc. cit.). It was remarkably definite at 900®, whilst 
the tendency of the lifting effect can be clearly seen on the speci¬ 
mens from the 600® tests. This phenomenon, which has not been 
observed in the use of other coking methods, is probably closely 
connected with the whole problem of the carbonisation of coal and 
the as yet unexplained discrepancy in the behaviour of various 
coals when subjected to thermal decomposition. As a plausible 
explanation, it is suggested that the formation of coke is due to 
the partial or complete fusion of coal or solutions of coal in tar 
or pitch primarily produced from adjacent coal particles, followed 
by an energetic thermal decomposition of the fused or sintered 
mass, by which its chemical constitution is altered, and further 
fusion is consequently arrested. According to the composition and 
the physical character of a coal or a coal constituent, these phases 
may follow each other in more or less rapid sequence, or may 
overlap very considerably. 

In the case of vitrain, it appears that the phase of rigidity 
follows so rapidly after the fusion phase or overlaps it to such an 
extent that an impermeable wall is formed round the coal cylinder 
before the heat has penetrated to the inner core. As soon as this 
occurs and gasification proceeds, the gas pressure, overcoming the 
weight of the piston, throws up the core with explosive force in 
the only direction in which movement is possible. The pressure 
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having been released, the semi-rigid eruption is forthwith completely 
solidified, w'hilst the porosity of the whole specimen increase© 
sufficiently for the ready relea>se of the gas made during the 
remainder of the carbonising period. It is interesting to note that 

Table I. 

Temperature, 600'^. 

Original Coals. 



Fusain. 

Durain. 

Clarain. 

Vitrain. 


Coarse : 

Through 10 mesh on 

60 mesh. 

Per cent. 

Coko . 


71*38 

60*16 

62*21 

Carbon . 


— 

0*46 

0*29 

Coke + Carbon. 


71*38 

60*62 

62*50 

Tar . 


9*13 

10-44 

10*00 

Oaa (N.T.P.) . 


73 c.c. 

96 c.c. 

83 c.c. 


Medium 

: Through 

30 mesh on 

90 mesh. 

(k)ke . 


71*18 

60*18 

62*21 

Carbon . 


— 

0*84 

0*27 

Coke -f Carbon. 


71*18 

61*02 

62*48 

Tar . 


8*38 

11-46 

10*76 

Gas (N.T.P.) . 


76 c.c. 

90 c.c. 

81 c.c. 


Fine : Through 200 mesh. 

Coke . 

—. 

— 

_ 

— 

Carbon . 

. — 

— 

— 

— 

Coke -f- Carbon. 

. 81*42 

67*22 

65*36 

65*80 

Tar . 

. 3*56 

8*35 

8*86 

5*88 

Gas (N.T.P.) . 

. 64 c.c. 

73 c.c. 80 c.c. 

Ash-free Dry Coals. 

80 c.c. 


Fusain. 

Durain. 

Clarain. 

Vitrain. 


Coarse : 

Through 

10 mesh on 

60 mesh. 

Coke . 


83*16 

69*36 

72*39 

Carbon . 


— 

0*63 

0*34 

Coke 4- Carbon. 


83*16 

69*89 

72*73 

Tar . 


10*64 

12*04 

11*64 

Gas (N.T.P.) . 


86 c.c. 

111 c.c. 

97 c.c. 


Medium 

: Through 

30 mesh on 

90 mesh. 

Coke . 


82*92 

69*38 

72*39 

Carbon . 


— 

0*97 

0*31 

Coke + Carbon. 


82*92 

70*36 

72*70 

Tar . 


9*76 

13*21 

12*61 

Gas (N.T.P.) . 


89 c.c. 

104 c.c. 

94 c.c. 


Fine : Through 200 mesh. 

Coko . 

— 

— 

— 

— 

Carbon . 

. — 

— 

— 

— 

Coke -f Carbon. 

. 87-61 

76*28 

76*18 

76*67 

Tar . 

. 3-83 

9*48 

10*19 

6*84 

Gas (N.T.P.) . 

. 69 c.c. 

83 o.c. 

92 0.0. 

93 o.c. 
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the eruption oan be observed by the shock given to the tar vapourd 
in the retort tube. 

The phenomenon was also observed, but less markedly, at GOO'^ 
and to a still less degree with clarain. 

Table II. 

Temperature, 900 °. 

Original Coals. 

Fusain. Durain. Clarain. Vitrain. 
Coarse : Through 10 mesh on 60 mesh. 

Per cent. 

Coke . 65*74 64*34 64*66 

Carbon . 2*68 0*62 0*66 

Coke 4- Carbon. 68*32 64*96 66*22 

Tar . 8*66 10*40 IMO 

Gas (N.T.P.) . 182 o.c. 206 o.c. 209 c.c. 

Medium : Through 30 mesh on 90 mesh. 

Coke . 62*66 64*06 64*96 

Carbon . 2*06 0*60 0*66 

Coke 4* Carbon . 64*62 54*66 66*62 

Tar . 9*92 11*38 12*68 

Gas (N.T.P.) . 190 o.c. 217 o.c. 221 c.c. 

Fine : Through 200 mesh. 

Coke . — — — — 

Carbon .. — — — — 

Coke + Carbon. 77*84 61*88 66*28 66*88 

Tar . 3*86 7*28 10*82 13*00 

Gas (N.T.P.) . 207 c.c. 184 o.c. 206 c.c. 194 o.c. 

Ash-free Dry Coals. 

> - - 


Fusain. Durain. Clarain. Vitrain. 

CoarseThrough 10 mesh on 60 mesh. 

Coke ..'. 76-68 62-66 63-60 

Carbon . 3-01 0-71 0-66 

Coke + Carbon. 70-69 63-36 64-26 

Tar . 9-97 11-99 12-91 

Gas (N.T.P.) ... 212 0 .C. 238 c.c. 243 c.c. 

Medium : Through 30 mesh on 90 mesh. 

Coke .;...!. 72-88 62-33 63-96 

Carbon . 2-40 0-69 0-77 

Coke + Carbon.:. 76-28 63-02 64-73 

Tar. 11-66 13-12 14-64 

Gas (N.T.P.) . 221 C.C. 260 c.c. 257 c.c. 

Fine : Through 200 mesh. 

Coke . _ _ _ _ 

Carbon . — — — ^ 

Coke + Carbon. 83-66 70-23 64-73 66-19 

Tai ..:.. 4-16 8'26 12-46 16-12 

Gas (N.T.P.) ... 222c.c. 209 c.c. 237 c.c. 226c.c. 
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. Analytical Da;ta .—The carbomaing resulta are recorded in tables 
I and II, As indicated above, the numbers for the fine speci¬ 
mens are practically valueless, on account of the loss or removal 
of uncarbonised coal from the hot zone. Whilst the gas and coke 
values are appreciably reduced, the loss of tar is partly compensated 
in some cases by the chloroform extract from the uncoked coal. 


or c^/^eorv/^/^r/orv 4Soo* 





In considering the results from the coarse’’ and ^‘medium” speci¬ 
mens, it is to be seen that durain yields a much higher coke residue 
than clarain and yitrain, whilst the latter somewhat un^pectedly 
produces invariably a little more coke than the former. 

■ An interesfihg'feature is the amount of free c^bon formed. At 
900® this is considerably higher with durain than with clarain and 
vitrain, showing that the, primary liquid products are more 
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tusoeptible to secondary decomposition or cracking'' at that 
temperature: On the other hand, at 600° no carbon whatever is 
produced from durain, whilst the amounts from clarain and vitrain 
are only slightly reduced (except in one case). This seems to 
indicate a considerable difference in the chemical nature of the 
primary decomposition products of durain on one side and of 
clarain and vitrain on the other. This observation is quite in 
accordance with Tideswell and Wheeler’s assumption of varying 
proportions of “reactive" and “inert" groups in the different coal 
constituents. However, it is suggested that the very considerable 
discrepancies in the amount and composition of mineral ingredients 
(to be described in the succeeding paper) influences catalytically 
the course of primary and secondary decomposition, and may be at 


a 

r/o/v j»eo* 



rNMtcuM*! *o 


TffmwMn ao an »o 




any rate a contributory factor of the degree of reactivity of coal 
substance. The carbon may also be regarded as a measure of the 
amount of pitch formed primarily from each substance. 

The behaviour of clarain and vitrain is fairly similar, although 
their products of decomposition show sufficient numerical differences 
to account for the physical distinction of their coke residues. The 
gas yield of clarain and vitrain is almost equal, and in all cases 
larger, than that of durain. The differences in gas yield at 900° 
are much lees pointed than those at 600°. This is due to the 
secondary decomposition of heavy hydrocarbons and cracking of tar 
oils running back into the hot zone. All samples of gas contained 
hydrogen sulphide and burned udth a luminous flame, the ord^ of 
liunmosity b^ng clarain, vitrain, durain, fusain. 
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Experiment al. 

The electric furnace employed for heating the retort tube has 
been somewhat modified from that originally described. It consists 
of two vertical silica tubes wound in series with nichrome wire of 
the same length and gauge on each tube. The furnace tubes are 
open at both ends, and by a height-adjusting attachment the coal 
charge may be placed in any desired portion of the heating tube. 
In all experiments here described, the retort was fixed with the 
coal charge in the middle of the heating tube, thus being in the 
hottest part of the tube. Care was taken to avoid the indraught of 
cold air into the furnace tube by placing asbestos collars at each 
end. In the second heating tube was placed a calibrated platinum- 
platinum-iridium thermocouple with the junction in a position 
corresponding with the centre of the coal charge in the other tube. 
Before making a test, the furnace was heated until a constant 
temperature was attained. The constancy of temperature in both 
tubes was frequently checked by transferring the thermocouple 
from one tube to the other, when only negligible differences in 
temperature were detected. 

After inserting the coal sample and silica piston in the retort 
tube, it was connected to the scrubber and eudiometer, the latter 
being filled with a mixture of glycerol and water. The air in the 
retort and scrubber was not removed, as only total volumes were 
read and no gas analyses were made. When ready, the retort was 
plunged into the furnace tube, when distillation quickly began. 
Readings of the volumes of gas generated were made at intervals 
of half a minute. 

At the end of the distillation period, the retort tube was removed 
from the furnace, but left connected to tlie eudiometer until the 
gas had attained the ordinary temperature. The final measure 
ment of the gas was then made, the eudiometer disconnected, and 
the scrubber and retort tube containing the coke were extracted 
with chloroform for the removal of tar. The chloroform extract 
was evaporated and dried, and the residue weighed; the ooke 
was also weighed after drying. Small quantities of retort carbon 
produced by the decomposition of tar vapours on the hot retort 
walls were weighed separately. 

The temperatures selected for treating the specimens were 600® 
and 900®. The former is the maximum temperature which Tides- 
well and Wheeler employed in their experiments. The latter was 
chosen as likely to produce greater changes in the solid coking 
residues and as more nearly approximating the temperatures 
customarily employed in industrial carbonising mothers. The 
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three sets of specimens differing in size of particles only of durain, 
clarain, and vitrain, and fusain of original size, were submitted to 
tests at both temperatures in .a strictly comparative fashion. 

At 900°, a heating period of exactly seven minutes was employed, 
beyond which the evolution of gas became very slow. It should 
be stated that in experiments extended for longer periods it never 
ceased entirely, which is to be explained by the fact that under 
the conditions of working, part of the liquid products was able to 
run back into the hot zone of the retort, where they are again and 
again subjected to gasification by secondary thermal decomposition 
or ''cracking.” The volume of gas thus generated is fairly 
constant. 

In the tests at 600°, it was found necessary to prolong heating 
to fifteen minutes, after which the gas-production curves become 
practically straight horizontal lines. 

The Laboratohy, 

Southampton House, 

317, High Holborn, W.C. 1. [Rvccivod, January 3rd, 1920.] 


XXXL —The Mineral Constituents of Banded Bituminous 
Coal. Studies in the Composition of Coal. 

By Rudolf Lessing. 

The peculiar behaviour on carbonisation of fusain, dursdn, clarain, 
and vitrain described in the preceding paper made it appear possible 
that The differences observed were not entirely due to the composi¬ 
tion of their organic constituents, but that they were at any rate 
influenced or accentuated by the catalytic effect of their mineral 
components. The influence of catalysts on the spontaneous com¬ 
bustion and particularly on the carbonisation of coal was discussed 
at length in the William Young Memorial Lecture of 1914 (Lessing, 
"Catalysis in the Gas Industry,” Trans. North Brit. /Iss. of Gas 
Managers, 1914, 65; J. Gas Lighting, 1914, 77, 570), and a good 
deal of evidence goes to show that the " ash ” contend of coal play 
an important role in its thermal decomposition. By inference it may 
be a^umed that the mineral contents of decaying vegetable matter, 
and adtentitious inorganic material in contact therewith, have like¬ 
wise'exerted an influence on the formation of coal or its constitu- 
ente,-*' 'ibt:perimjents in connexion with an investigation of the coal- 
washing process, hitherto unpublished, have shown that the frao- 
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tions separable from coal slack, by washing differ vastly^ not .only 
in the amount, but in the nature of the mineral matter, which thev 
contain. It seemed, therefore, interesting and promising to study 
the ash contents of fusain, durain, clarain, and vitrain, particularly 
a3 casual tests had shown that they differed considerably in appear¬ 
ance. For the purpose of this work Dr. Wheeler kindly supplied 
further large samples of the three substances which were required to 
make quantitative analyses possible. Durain and clarain were in 
pieces up to 30 mm. cube, vitrain in pieces of 5—10 mm. cube. 
Fusain was extracted from a large sample of the original coal which, 
like that used in the preceding research, came from the Thick Coal 
seam, Ilamstead Colliery. 

Percentage of Ash .—In view of discrepancies between the preli¬ 
minary tests and some of Tideswell and Wheeler’s ash figures (parti¬ 
cularly for fusain and durain), and the probability that the inor¬ 
ganic constituents were not evenly distributed throughout the coal, 
the samples were not crushed and mixed as is usual in commercial 
analysis, but one or more individual pieces were ignited for each 
test. In table I the results obtained from the original samples 
(1 gram) and those of the bulk samples are given, together with the 
weight of sample used for individual tests. 


Table I. 


Fusain. 


Durain. 


Clarain. 


Vitrain. 



Sample. Ash. 

Sample. 

Ash. 

Sample. Ash. 

Sample. Ash. 


l^er 


Per 


Per 


Per 


Grams, cent. 

Grams. 

cent. 

Grams. 

cent. 

Grams. 

cent. 

“ Fine ” sample 
“ Coarse ” sample 

1-0000 4-48 

1-0000 

4-94 

1-0000 

1-38 

1-0000 

1-16 


1-0000 

7-22 

1*0000 

1-58 

1-0000 

1-16 

Bulk sample. ... 

6-9042 16-70 

10-4024 

5-68 

11-4416 

0-91 

7-1680 

1-07 

7-0522 14-60 

12-1436 

5-89 

10-3068 

1-13 

11-2622 

M8 



11-9188 

7-15 

12-4234 

1-49 

11-1180 

1-10 





12-5904 

1-28 

10-0082 

0-98 





13-7908 

1-17 

10-0000 

1-22 





13-2226 

1-37 







12-2544 

1-22 





• 


13-3457 

1-18 



130164 16-59 

34-464:8 

6-26 

99-3757 

1-22 

49-5564 

Ml 


It will be noticed that the percentage of ash in clarain and vitrain 
is fairly constant, particularly when allowance is made for the 
enhanced experimental error in dealing with small percentages. The 
variation of the ash contents of durain is much more marked, 
although the percentage discrepancy to be calculated is not appre¬ 
ciably increased over that of clarain. Fusain, however, shows very 
considerable discrepancies between different samples. Apart from 
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the results from fusain given in table I, of which the “ fine^’ sample 
was used in the preceding research and the bulk sample in the 
following analyses, amongst some picked samples, one was found 
containing as much as 28*75 per cent, of ash. The cause of these 
discrepancies is discussed below. 

A'ppearance of Ash. —The ashes which were prepared by ignition 
of the samples in a muffle furnace on silica dishes at low temperature 
showed considerable difference in colour. The ash from fusain was 
dark brownish-grey, that from durain pure pale grey without the 
slighi/est brown tint, that from darain a reddish-brown biscuit, and 
that from vitrain a pale biscuit colour. The large lumps were 
ignited uncrushed, and in the course of burning off produced lamina- 

Table II. 


Fusain. 



Soluble 

Soluble 

Insoluble 


in water. 

in HCl. 

in HCl. 

Total. 

Per cent. 

Per cent. 

Per cent. Per cent. 

SiO, . 

Nil 

1 

0*78 

8*06 

8*84 
( 8*66 

A1.6, . 

Fe^Os . 

MnO . 

\ 019 

8*33 

4*06 

1 3*37 

1 0*61 

TiO, . , 

I 



1 0*04 
67*00 
1*30 

CaO" . 

10*03 

46*64 

0*33 

Nil 

MgO . 

0*41 

0*89 

Na,0 . 

0*65 

2*69 

— 

3*24 

K,0 . 

014 

0*63 

— 

0*67 

SO, . 

4-71 

9*17 

0*77 

14*65 

pA . 

CO, . 

0*53 

2*45 (diff.) 

_ 

2*98 



Total . 

16*06 

71*38 

13*22 101*26 

Total by direct weighing 

16*57 

71*38 

12*05 100*00 


JDurain. 




Soluble 

Soluble 

Insoluble 


in water. 

in HCl. 

in HCl. 

Total. 

Per cent. 

Per cent. 

Per cent. Per cent. 

SiO» . 

Trace 

. 1-46 

49*08 

60-64 
f 42-34 

aiA . 1 

FejO, . 

MnO . 

' Trace 

19*94 

24*20 \ 

1 1*36 
i Nil 

TiO, . J 




[ 0*44 
3*69 
Nil 

CaO . 

1*47 

1*85 

Nil 

0*37 

Nil 

MgO . 

Nil 

Na.O . 

K,0 . 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

_ 

NU 

SO, . 

2*10 

0*98 

0*16 

3*23 

F 2 O 5 ... 

Total . 

3*67 

24*23 

73*80 101*60 

Total by direct weighing 

3*48 

23*81 

72-71 100-00 
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tion, wkich it is suggested occurs parallel to the bedding plane of 
the coal. Clarain ash invariably contained intrusions of grey plates, 
indicating the presence of durain (or possibly fusain particles, this 
yielding a similar but darker grey ash). Yitrain ash contained also 
occasionally grey laminae and some red, ferruginous apedks. These 
foreign particles were picked out and rejected for analysis. 

Analygu o/ Agh ,—In view of the limited supply and small ash 
content of the specimens, the complete analysis of the ashes pre¬ 
sented considerable difficulties, as each had to be carried out on 
0*5 gram. In the case of durain and clarain analyses could be 
repeated, but this was not possible in the case of vitrain. However, 




























260 


LESSING: THE MINEttAL OONSTlTtJENtS OE 


it was considered advisable to record the figures as obtained, as they 
typify in their main aspect the cliaractet^df the mineral constituents 
of vitrain and distinguish it clearly from durain, whilst showing 
considerable similarity with darain. 

The ashes were first separated into fractions soluble in water, 
soluble in hydrochloric add and insoluble in hydrochloric acid. The 
water-soluble and hydrochloric add-insoluble fractions were weighed 
after evaporation and drying. The hydrochloric add-soluble por¬ 
tions could not be weighed directly on account of the formation of 
chlorides of the alkalis and alkaline earths, and were determined by 
difference. Each of the fractions was analysed separately, but the 
ammonia predpitates (oxides) of all three had to be combined. 

The results are recorded in table II, and show very considerable 
differences between the four ashes. This is apparent both from the 
actual composition and the ratios of portions soluble and insoluble 
in water and add. 

Fusain .—The most striking feature of fusain ash is its high per¬ 
centage of lime, amounting to 57‘00 per cent. This is responsible 
for the high amount of soluble matter in this ash. Much of this 
lime is present as calcium oxide, and the ratio of the amount soluble 
in water and in add is probably variable according to the amount 
of water used for extraction! The aqueous solution attracts carbon 
dioxide from the air, for which allowance has been made in the 
analysis. The actual free alkalinity corresponds with 6*7 per cent, 
of calduin oxide, the balance of which is present as calcium sulphate. 
Some sulphur may have been introduced in these analyses from the 
gas used for ashing the samples and in heating the alkali fusion of 
the insoluble portion. 

Durain .—Nearly three-quarters of durain ash is insoluble in 
water or acid. The water-soluble portion amounts only to 3*5 per 
cent., which consists of caldum sulphate. The bulk of this ash con¬ 
sists of an aluminium silicate of the approximate composition of 
clay substance. The complete absence of manganese, magnesia, and 
alkalis calls for comment. The water extract of durain ash has a 
neutral reaction. 

Clarain.-^1h& soluble portion of darain ash is almost as high 
that of vi train ash. It differs, however, from the latter in its lower 
percentage of lime. It is the only ash containing considerable 
amounts of magnesia, which is worthy of note in view of the import¬ 
ance of magnesium as a vital constituent of chlorophyll. It is also 
fairly high in soda, but contains no trace of potash. Iron is present 
in a snffident quantity to account for the bisciiit colour. Clarain 
ash has an alkaline reaction, and its alkalinity corresponds wfjth 
6*41 per cent, of sodium carbonate. 
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Vitram .—Vitrairi ash is somewhat similar to clarain ash, but 
shows some distinct differences. It contains the lowest percentage 
of insoluble matW as well as the lowest amount of silica of all four 
ashes. A distinct difference from clarain is the low magnesia figure. 
Tractically all the lime is present as sulphate; soda is high, and 
part of it is present as sulphate, another part as carbonate. The 
high percentage of water-soluble substances accounts for a tendency 
of some particles to melt at the temperature of ignition. The small 
amount of matter insoluble in acid is in accordance with the 
absence of debris from this ingredient observed by Stopes, and with 
its probable colloidal nature. The alkalinity of vitrain ash corre¬ 
sponds with 5T9 per cent, of sodium carbonate. 


Discussion of Results. 

The fact that different portions of one and the same lump of coal 
contain different amounts of mineral matter is obvious and well 
known to all who have to deal with the analysis of coal, ever since 
de Marsilly {Cojnpt. rend., 1848, 46, 882) observed “ that however 
pure a piece of coal may be, and however homogeneous it may apj>ear 
to the eye, its different parts do not yield the same proportions of 
fixed residue on incineration.'’ Many thousands of analyses of the 
ash of different portions of a coal-seam must have been made from 
time lo time for commercial purposes, the results of which have not 
been published. There are, however, on record comparatively few 
analyses of the ash of clearly defined constituents of coal, such as the 
composition of the ash*of inineial charcoal ” (fusain) from Better 
Bed and llaigh Moor reported by Thorpe (“ Coal, its History and 
Uses,” 1878). 

The separation by Stopes of four distinct ingredients from bitu¬ 
minous coal made it possible to inquire more closely into their 
mineral constituents, Kendall pointed out (^Rep. Brit. Assor., New¬ 
castle, 1916, 395) that there are three sources of mineral matter in 
coal, the mode of distribution of which is of great economic conse- 
quenoe, some being separable and others not, namely: (1) The 
residue of the mineral constituents of the plants composing the coal; 
(2) detrital matter blown or washed into the deposit; (3) the calcite, 
iron pyrites, etc., segregated as veins in the seams. 

In amplification of this statement Stopes and Wheeler Mono¬ 
graph on the Constituents of Coal,” 1918) discuss the probability 
that part of the inherent ash in plants may be lost in the process 
of coal formation, a fact which renders the problem of identification 
of individual coal constituents still more complex. 

In view of the small amounts of material handled in this research, 
VOL. oxvn. L 
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and the complex analytical procedure followed, it is somewhat 
speculative to form definite conclusions as to the relation which the 
elements in these ashes have to each other, and still more so as to 
the combination in which they occur in the original coal before 
incineration. 

It seems quite inadmissible to go yet further and postulate on the 
relationship of the ashes to the mineral constituents in the ])laiits 
from which the coal has been formed. Any suggestions of a theo¬ 
retical nature in this state of ignorance must, therefore, be regarded 
as tentative and require further proof by the analysis ot ashes from 
a great variety of coals and their components, instead of relying on 
the present results obtained from one particular coal. 

Moreover, the ashes, even after hand picking ’ of })articles 
obviously belonging to one of the other groups, were by no means 
homogeneous mixtures, but specks of white and reddish-brown sub¬ 
stances could be easily discerned in the biscuit coloured or grey 
bulk. They no doubt represent the ash of individual plant frag¬ 
ments or mineral intrusions (lime, pyrites) in the coal substance. 

The results are, however, considered definite enough to indicate 
the following suggestions: 

Fumin ,—The large proportion of lime and soluble matter makes 
it highly probable that the bulk of this ash is due to infiltration of 
lime salts, most likely in the form of calcium hydrogen carbonate, 
and that this is present in the fusain as calcium carbonate, more or 
less evenly distributed throughout the porous substance of this 
“ mineral charcoal.” Such infiltration would explain the discrep¬ 
ancy of ash percentage observed in various samples of fusain. The 
infiltration theory finds support by some experiments on the direct 
extraction with hydrochloric acid of fusain before incineration. 
Three samples were used, one of them being identical with the 
* fine ” sample of table I, another being similar to the bulk sample, 
and a third consisting of a lump of fusain about 20 mm. long by 
10 mm. thick. On warming these samples with the acid, a copious 
liberation of carbon dioxide look place. The following percentage 
figures were obtained : 


Total ash . 

Extracted by hydrochloric acid from 

coal . 

Extracted by hydrochloric acid from 

remaining ash .. 

Insoluble . 


(1.) 

(2-) 

(3.) 

448 

13-30 

28-75 

19-96 

47-07 

40-70 of ash. 

13-08 

20-83 

14-09 

66-96 

32-10 

45-21 „ 


The differences in solubility are no doubt due to the presence of 
varying proportions of pyrites which may or may not be similarly 
caused by infiltration. 
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The presence of large amounts of calcium carbonate in fusain 
suggests comparison with the composition of the petrifactions known 
as “Coal Balls “ (Slopes and Watson, Phil. Trans., 1908, \_B], 200 , 
167). These, however, always contain about 10 per cent, of mag¬ 
nesia, whilst this is present to a small extent only in fusain ash. 
It is also worthy of note that the thin veins of white mineral found 
along the cleavage planes contain from 40 to 45 per cent, of calcium 
carbonate. This further supports the view that infiltration of 
calcium salts has taken place at one period of the formation of the 
coal seam through cracks or between the stratified layers and into 
the very porous structure of the fusain particles. 

Diiraiti. —The composition of diiiain is comparatively simple, since 
many of the minor constituents are entirely absent and others only 
small in quantity. It consists to the extent of 93 per cent, of 
alumina and silica. The presence of a large percentage of alumina 
in the ash from plants or plant products suggests at once the 
jiresence of, or origin from, lycopods, which are characterised by a 
high aluminium content. This important property of lycopodia was 
shown by Aderholt {Annalcn, 1852, 82 , 111), Ritthausen (7. pr. 
Ph(>in., 1853, 58 , 134), Church {('funi. yews, 1874, 30 , 137), and 
more recently by a comjiarative study of many other species by 
Kratzmann (SIfziini/sbcr. K. AJxad. Wicti, 1913, 122 , 311). 

Since the lyco])ods are regarded as largely forming the bulk of the 
coal measures, the high alumina percentage in durain would be in 
accordance with pala‘obotanical and other evidence. 

However, the absence of alkalis, magnesia, and the low lime 
figure call for caution. Moreover, it so happens that the ratio of 
alumina and silica is practically identical with that obtaining in 
“clay substance" (kaolinite, A1.^0y,2Si0o,21Io0). The colour of 
fusain ash is a pure grey and almost white, thus ])roving the free¬ 
dom from the colour-giving constituents which one would ex}>ect in 
the ash from plant fragments, but their absence may be due to their 
rctnoval from the original plant substance during the course of coal 
formation. It was, therefore, considered useful to compare the 
ratio AL^O;, : SiCX in lyco})odia amongst themselves and with that 
obtaining in coal constituents and " clay substance.” The values on 
p. 264 were obtained. 

Whilst one might suspect that the mineral constituents in present- 
day plants differ from those grown in a palaeozoic climate and 
habitat, this ALj 03 : Si 02 ratio indicates that the fusain and durain 
are in an entirely different class from the clarain and vitrain. The 
latter gave a ratio which is quite comparable with that of the ash 
of lycopodia, but the ratio in the former differs very considerably. 
It is so close to the ratio in “ clay substance ” that one is forced to 

L 2 
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L. chamaccypar, with sporos (Aderholt) ... 
„ without spores (Aderholt) 

L. clavatum (Aderholt) . 

,, (Ritthaiison) . 

,, (Church) . 

L. complanatum (Ritthausoii). 

L. alpinum (Church) . 

L. sclctgo (Church) . 

Average ratio . 

“ Mineral charcoal ”— 

“ Better Bed ” (Thorpe) . 

“ Haigh Moor ” (Thorpe) . 

Fusaiu (Lessing) . 

Ourain ,, . 

Clarain ,, . 

Vitrain „ . 

Kaolinite (calcined) (Theory) .. 


Percentage in ash. 


Al^Oa. 
51-85 
57-36 
26-65 
39 07 
22-20 
15-24 
37-87 
33-50 
7-29 


33-8 

28-7 

8-66 

42-34 

16-58 

15-49 

45-87 


SiOa. 

13-60 

12- 96 

13- 94 
18-82 
13-01 

6-40 

10-06 

10-24 

2-63 


38-7 

36-1 

8-84 

50-54 

0-44 

6-08 

64* 13 


AlaOa. 

SiOa. 

3- 81 

4- 43 

1- 91 

2 - 11 

1- 71 

2- 38 

3- 76 
3-27 
2-88 

2-92 


0-87 

0-80 

0-98 

0-84 

1- 76 

2- 55 

0-85 


assume the presence of clay or a silicate of the same composition in 
durain and fusain. Whether this silicate was deposited in the plant 
or was produced like clay from rocks during the formation of the 
coal is impossible to say. The observation by Stopes that the mass 
of plant fragments in durain consists of spores embedded in a matrix 
of granular material makes it not impossible that the silica may be 
derived from earthy matter with which the spores originally became 
contaminated. 

Clarain and Vlira'in ,—The composition of the ashes of these two 
substances make it very probable that they represent mainly the 
remainder of the original plant ashes. Both contain considerable 
quantities of alkali, are high in sulphur (which is largely duo to 
the retention of organic sulphur by the alkali), and have a fairly 
uniform percentage of total ash. The alumina in both suggests their 
derivation from lycopodia, and, as apj)ears from the above, the 
AI 2 O 3 : SiOg ratio agrees quite well with that found in some of the 
existing species. Moreover, the bulk of the alumina in clarain and 
even more so in vitrain is soluble in acid in contradistinction from 
the alumina in durain, of which the greater portion is insoluble in 
acid. 

The two ashes are very similar save in one respect, namely, the 
magnesia content. Clarain contains as much as 10*52 per cent, of 
magnesia, as against 1-87 per cent, in vitrain and a similar amount 
in fusain. Whilst no direct inference can be drawn from this fact, 
the magnesia suggests the presence of degradation products of leaf 
substance containing chlorophyll in clarain. Stopes {Proc. Hoy. 
Soc.y 1919, [2i], 90 , 480) found that “ the clarain is the portion 
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moat interesting to the palaeobotanist, for in it lies the greatest 
variety of recognisable plant tissues and structures. There may be 
in it clear bands and zones showing each disintegrated plant sub¬ 
stance, also bands of clear cuticle, spore exines, resin bodies, and 
other structures, and among this variety of material plant stem 
tissues, leaf-tissues and so on may be preserved and may even fill 
the whole area of sections.'’ 

The proved presence of leaf-tissues in clarain and of magnesia 
in its ash may be a mere coincidence. Indeed, it is somewhat diffi¬ 
cult to account for the quantities found. According to Willstatter, 
green leaves contain on an average 0*8 per cent, of chlorophyll, 
which in its turn yields 4*5 per cent, of pure magnesia on incinera¬ 
tion. The magnesia may rise to 8 per cent, in getiophyllin. Even 
allowing for a considerable concentration of magnesia during the 
process of coal formation, these amounts are scarcely large enough 
to account for the percentage found without resorting to speculation 
on a higher chlorophyll and magnesia content in paljeozoic plants 
or on an accumulation of magnesia from successive generations of 
leaves. It is, however, considered worth while to draw attention to 
this peculiar distinction of clarain from the other constituents. 

Conclusion. 

The results obtained from this research can only be considered 
as of a preliminary nature, and are recorded mainly in order to 
stimulate research in this direction, which can only be successful if 
a great variety of coals are investigated by ‘‘rational” analysis. 
Kefining of coal by washing is still in a crude stage on account of 
lack of knowledge of the distribution of the ash. Evidence exists 
that diilerences in the amount and composition of inorganic con¬ 
stituents in coal can direct the course of its thermal and probably 
spontaneous decomposition. It is further likely that the course of 
formation of coal and its main constituents has been similarly influ¬ 
enced by plant dtibris and adventitious impurities. More detailed 
knowledge of the mineral constituents in coal is, therefore, required, 
both from the theoretical and technical point of view. 

In conclusion, I wish to express my thanks to Dr. Marie C. Stopes 
and Dr. B. V. Wheeler, who laboriously prepared most of the 
samples for me, and who assisted the investigations wrth much 
suggestive criticism, and to Mr. A. H. Raiiie, who has carried out 
the experimental work for this and the preceding paper. 

The LABOBATony, 

SotTTHAMPTON HOUSB, 

317, Hioh Holbokn, W.C. 1. [Beceiveti, January 3rd, 1920.1 
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XXXII .—\-Hexylsuccinic Acid. 

By Henry Wren and Henry Burns. 

The interesting observations which had been made during the 
investigation of the racemisation of the optically active phenyl- 
succinic acids and their derivatives (Wren and Williams, T., 1916, 
109 , 572; Wren, T., 1918, 113 , 210) appeared to render it desir¬ 
able to examine the behaviour of a similar compound in which the 
phenyl group was displaced by an alkyl radicle of approximately 
the same weight. This was more particularly the case since, 
although a general survey of the literature would lead to the con¬ 
clusion that the presence of a phenyl group directly united to the 
asymmetric carbon atom of a racemisable compound renders the 
substance more prone to racemisation than does a similarly placed 
alkyl group, a precise comparison of the effect under similar con¬ 
ditions does not appear to have been made. For this purj3ose, 
hexylsuccinic acid was selected. Circumstances have combined, 
however, to prevent the work being carried to completion, and as 
its continuation must be postponed for some considerable time, it 
was considered desirable to give the present short account of the 
resolution of the racemic acid and of the properties of /-hexyl¬ 
succinic acid. 


Experimental. 

r-Hexylsuccinic acid (28 grams; prepared according to the direc¬ 
tions of Higson and Thorpe, T., 1906, 89 , 1469) and quinine (52* 1 
grams) were dissolved by gentle warming in ethyl alcohol (560 c.c.). 
Tufts of small needles slowly separated from the solution at the 
ordinary temperature, which, when air-dried, weighed 44 grains. 
The salt was purified by repeated crystallisation from alcohol, 
20 c.c. of the solvent being used for each gram of material. The 
course of the resolution was followed by determining the specific 
rotation of the acid recovered from the successive filtrates, the 
observations being made in ethyl-alcoholic solution. In this 
manner, the following values were found: -j- 12*97®, -f 7*55®, 
-2*44®, -87®, -13'7®, -17-3®, -20*2®, -226®, and -23*6®. 
The crop which had separated from the final mother liquor weighed 
6*8 grams, and, on decomposition with dilute sulphuric acid and 
extraction with ether, gave 2*4 grams of /-hexylsuccinic acid, which 
melted at 81—83® and had [ajj, —26*0® in alcohol. It was finally 
purified by crystallisation from water containing 10 per cent, of 
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alcohol until the specific rotation of successive crops remained 
constant. 

\-Hexi/lmccinic acid separates from water or very dilute alcohol 
as a granular powder; it is freely soluble in the hot solvent, 
sparingly so in the cold, the solutions, however, showing a very 
pronounced tendency to supersaturation. It melts at 82—83^^, 
whilst the racemic acid melts at 87®: 

0*1302 gave 0 2840 CO. and 0 1035 B.fi. C-59*5; H = 8-8. 

requires C = 59*4; ir=8*9 per cent. 

The specific rotation was determined in the following solvents: 

In ethyl-alcoholic solution : 

1=2, c = 4*0025, air -2-13®, [a]\r -26*6®. 

In acetone solution : 

f=2, c-1-4875, ap 0-98® fa],, -32*9®. 

In benzene solution: 

I = 2, 1*8775, 4-0*02®, [a]„ 4-0*5®. 

Attempts to resolve r-hexylsuccinic acid by brucine or morphine 
in aqueous or alcoholic solution, or by strychnine in ethyl-alcoholic 
solution, were unsuccessful. 


Behmnnur of the Active TIexyh^iccimc Acidic foirardF Alkali. 

Separate portions of the pure /-acid were heated under reflux on 
the water-bath with aqueous and aqueous-alcoholic (containing 
10 per cent, of water) sodium hydroxide solution (1183.V; 20 c.c.) 
during five hours. The recovered acids had fa],, —26*42® and 
-25*5®, respectively, in ethyl-alcoholic solution; raoemisation, 
therefore, did not occur in aqueous, and to only a very slight extent 
in alcoholic, solution, the slightly more marked effect of the latter 
reagent l>eing in accordance with the recent observations of 
McKenzie and Wren (T., 1919, 115, 609) on the behaviour of 
/-mandelic acid under similar conditions. 

r7~Hexylsuccinic acid is markedly more stable under the com¬ 
bined influence of relatively temperature and alkali hydroxide 
than is r/-phenylsuccinic acid (Wren and Williams, lor. at.). Thus, 
in an attempt to utilise some crude active acids, a specimen having 
[a]p 4 13*0® was heated with an excess of sodium hydroxide solu¬ 
tion during five hours at 160®; the recovered acid had fa]p -f 10*43®, 
showing that racemisation had occurred to a comparatively slight 
extent, whilst under similar conditions, but with only two hours' 
heating, </-phenylsuccinic acid was almost completely racemised. 
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XXXIII .—Surface Tension of Mixtures of Water and 

Alcohol. 


By JxuES Brierlev Firth. 


A METHOD was required for conveniently determining small changes 
in concentration of the binary mixture, alcohol and water. 

It appeared that a determination of the drop-number-concentra¬ 
tion curve would provide a suitable method for this purpose, and it 
was with this object that the following experiments were carried 
out. 

The utilisation of the drop-number-concentration curve as a 
means of analysis has been used successfully by Donnan and Barker 
{Proc. Roy. Soc., 1911, [A], 85 , 557) and Lewis May., 1908, 

[vi], 16 , 499) for determining changes in concentration of dilute 
solutions. 

The theory of the drop-pipette is that for a given size of opening 
the surface tension is directly proportional to the weight of the 
drop, and henoe it may be used for determining relative surface 
tensions of solutions of different concentrations. 

If F = total volume of the liquid used, 
n = total number of drops formed, 

V 

then the volume of each drop » • 


If ^ is the density of the liquid, then the weight of each 
drop» 

or, the surface tension, is proportional to the weight of the drop; 
therefore o- - 

n 


Similarly for another liquid : 

<^1 
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therefore 


npi 

n, p 


^ n 


P\ 


The principle assumes a static equilibrium, which is not correct, 
since the phenomenon is really dynamic, and in order to give an 
absolute measure of surface tension a small correction would be 
necessary (Guye and Perrot, Arch. Sri. pln/s. na(., 1901, [iv], 11 , 
225; 1903, [iv], 15 , 132; J. ('him. 'physique, 1917, 15 , 1G4), This 
correction in utilising the drop-number-conc^ntration curve as 
a means of analysis is unnecessary. 

The drop-number for a constant volume will vary with the speed 
of drop})ing, since it takes an appreciable time for the freshly 
formed surface to attain equilibrium. It is essential, therefore, 
that the drops should form slowly, and that the rate of formation 
should remain as constant as possible throughout the series. 

Duclaux (.1////. Chijn. I^hys., 1878, [vj, 13, 76) determined the 
surface tension of mixtures of alcohol and fatty acids with water 
by means of the drop-])ii)ette, and showed that the surface-tension- 
concentration curve takes the form of a hyperbola, and the surface 
tension may bo calculated from the equation: 

— 1 ), 

where cr-surface tension, and .r is the percentage concentration by 
weight. 

E X P E R I M E N T A L. 


The alcohol was dried over quicklime and distilled off, then dried 
with metallic calcium, and finally distilled, the first and last 
runnings being rejected. 

The apparatus was similar to that used by Donnan and Barker 
ijoc. cit.), the dropping tip being 3’5 mm. in diameter. 

The experiments were carried out in an electrically-heated 
thermostat at 25°, and the rate of dropping was adjusted as near as 
possible to nine drops per minute. 

The drop numbers of mixtures of alcohol and water were deter¬ 
mined for mixtures containing from 2 to 96'5 per cent of water by 
volume. The drop numbers are the same coim ntration agreed to 
1 in 500 drops. 

Ecsults, 


The following table gives the measurements of drop numbers and 
surface tanaion, the surface tension being calculated from the 
equation: 


L’ 
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The jiurface tension for water at 26° was taken as 71'78 dynes 
per cm. 

Table I. 


Percentage 



Percentage 



concentra¬ 


Surface 

concentra¬ 


Surface 

tion of 


tension 

tion of 


tension 

water by 

Drop 

in 

water by 

Drop 

in 

volume. 

number. 

dynes/cm. 

volume. 

number. 

dynes/cm. 

0 

1826 

21-30 

60 

1480 

’ 31-88 

2 

1710 

23-13 

67-3 

1395 

34-24 

6 

1708 

23-73 

76 

1286 

37-50 

10 

1714 

24-14 

84 

1170 

41 30 

25 

1690 

26-76 

89-2 

1090 

44-91 

36*6 

1675 

26-83 

96-6 

854 

57-72 

60 

1613 

28-74 

100 

690 

71-78 


The surface-tensio/i-concentration curve is shown in the figure 
The general results for binary mixtures have already been pub 



0 16 32 48 64 80 06 

Percentage qf water by volume. 
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liah©d by various authors (compare Worley, T., 1914, 106 , 260, 
273), but as several important features have been revealed by the 
experiments it was thought desirable to record them. 

There is a sudden fall in drop-number for 2 per cent, of water, 
then a further increase in the percentage of water up to 50 pro¬ 
duces only a small change in drop-number; in fact, from 2 to 10 per 
cent, of water the drop-number is nearly constant. As the per¬ 
centage of water increases beyond 50 the drop-number falls more 
rapidly with increased water content. 

The results for the change in surface tension with concentration 
give a hyperbolic curve until a concentration of about 4 per cent, 
of water is reached, when the surface tension rapidly diminishes 
with diminution of water content. 

It is interesting to note that the inflexion in the curve occurs at 
the point which practically corresponds with the concentration 
(4’4 per cent, of water) given by Young and Fortey (T., 1902, 81, 
717) for a mixture of minimum boiling point. 

The utility of the drop-number-concentration curve as a means 
of analysis varies with the range over which analysis is required. 

Where the water content is more than 50 per cent, the curve 
may be used to give a fairly accurate analysis, but for concentra¬ 
tions below this the change in drop-number with concentration is 
not sufficiently great to give trustworthy results, whereas with the 
apparatus employed differences in concentration between 2 and 
10 per cent, of water could not be detected with any degree of 
certainty. 

The Chemical Department, 

University College, 

Nottingham, fHccriwd, Febrtuiry 10th, 1920.1 


XXXIV.— 0ti'-Dichlorofthyl Sulphide. 

By CiiAULEB Stanley Gibson and William Jackson Pope. 

In the late autumn of 1917 we were requested by the Chemical 
Warfare Department to study the preparation of j8)3^-dichloroethyl 
sulphide, (CH 2 C 1 *CH 2 ) 2 S, and in this connexion we thought it 
desirable to investigate carefully the interactions of ethylene and 
the two chlorides of sulphur. For obvious reasons, the results of 
this work remained unpublished, but as these reasons no longer 
exist, such of the information obtained as is of scientific interesi 

L* 2 
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is now communicated. Since a number of workers in different 
countries were occupied with similar investigations, and their 
results, as reported, were often available for our information, we 
deal in the present paper only with our own work, and give the 
dates of the reports in which our results were communicated to 
the Government Department. 


Interaction of Ethylene and Sulphur DichloHde. 

The interaction of ethylene and sulphur dichloride was investi¬ 
gated by Guthrie some sixty years ago {Quart. Journ. Chern. Soe., 
1860, 12, 116). He obtained a liquid product which possesse(i a 
vesicant action, and was doubtless a highly impure j8)8'-dichloro- 
ethyl sulphide; this observation was shortly afterwards confirmed 
by Niemann {AnnaJcji, 1860, 116, 288). 

As the result of a number of preliminary experiments, we decided 
on the following as the most satisfactory method for preparing 
)8)8'-dichloroethyl sulphide by the direct addition of ethylene to 
sulphur dichloride, in accordance with the following equation: 
2CHo:CH,. + SCl2 = (CHoCl-CHo)oS. 

Sulphur dichloride (50 grams), of the correct composition, free 
from iron and showing the specific gravity of 1'6227 at 17^, is 
introduced into a set of glass bulbs which can be rapidly shaken 
by mechanical means; a small quantity (0*5 gram) of finely 
powdered, highly absorbent charcoal which has been well dried by 
heating in a current of hydrogen is suspended in the sulphur 
dichloride. Ethylene, prepared by the action of ethyl alcohol 
vapour on heated phosphoric acid, as described by Newth (T., 1901, 
79, 915), is freed from alcohol vapour by prolonged contact with 
water in a gasometer, and, after well drying by calcium chloride, 
is passed through the agitated sulphur dichloride, maintained at 
40° to 45°, at such a rate that some escapes unabsorbed. 

The ethylene is rapidly absorbed from the commencement, and 
the absorption ceases fairly suddenly when the reaction ends; 
owing to the volatility of sulphur dichloride, much of the latter is 
carried away by the excess of ethylene, and, in consequence, the 
quantity of ethylene absorbed is less than that indicated by the 
equation given aJoove. The reaction proceeds similarly in the 
absence t>f charcoal, with the difference that absorption occurs much 
less rapidly in the latter stages and a smaller yield results. The 
temperature need not be rigidly limited; the reaction may be per¬ 
formed throughout at 50°, or may be started in the cold and 
allowed to warm up spontaneously or by externally applied heat 
to about 50°, but above this temperature unsatisfactory results are 
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obtained. Dilution of the sulphur dichloride with carbon tetra¬ 
chloride has little effect on the yield or the purity of the product. 

The liquid in the bull>s, which is of a straw-yellow colour, is now 
fractionally distilled under diminished pressure, and a fraction, 
boiling at 134—137^/50 mm., is collected; this crystallises on cool¬ 
ing and melts at from 5° to 9®. This product is about 50 per cent, 
by weight of the sulphur dichloride treated, and contains approxim¬ 
ately 90 per cent, by weight of i80^-dichloroethyl sulphide. On 
oxidation with nitric acid, it gives ^^^-divkloroethyl fndphoxide, 
described below. 

The above method for pre})aring j8j3' dichloroethyl sulphide was 
described in a report to the Chemical Warfare Dejiartment dated 
January IGth, 1918 ; it gives a better yield and is more expeditious 
than the method devised by V. Meyer {Ber., 1886, 19, 3260) and 
perfected by Clarke (T., 1912, 101, 1583), which consists in con¬ 
verting {<i) ethylene into ethylene chlorohydrin, (h) the latter into 
thiodiglycol by treatment with sodium sulphide, and (r) thiodi- 
glycol into )3j8'-dichloroethyl sulphide by the action of hydrogen 
chloride. At the same time, the sulphur dichloride method is 
difficult to control, because 0)3'-dichloroethyl sulphide is acted on 
rapidly by sulphur dichloride; it is consequently necessary to work 
under such conditions that little or no sulphur dichloride remains 
long in contact with the dichloroethyl sulphide produced. 


Interaction of Etht/hne and Sidphnr Monochloride. 

On treating sulphur monochloride with ethylene at 100*^ and 
subjecting the liquid {)roduct to an elaborate method of purifi¬ 
cation, Guthrie (Quart. Jonrn. (dieni. Sor., 1861, 13, 134) obtained 
a substance of slightly vesicant properties, to which he assigned 
the com])osition C4lT^C2oS,. Spring and Lecrenier (Bull. Sor. 
chim., 1887, fii], 48, 629) showed that on oxidation with nitric 
acid this product yields jS-chloroethylsulphonic acid, which is con¬ 
vertible into taurine, Nn«*CH 2 *CIT 2 *S 03 H ; the same jS-chloroethyl- 
sulphonic acid was obtained by James (T., 1879, 35, 806 ; 1885, 
47, 365) by the oxidation of )3-chloroethyl thiocyanate. Tt is thus 
proved that Guthrie’s compound is a disulphide of the constitution 
CH^Cl’CHo'S’S'CH^’CHoCb During the course of a recent dis¬ 
cussion concerning the reaction between ethylene and sulphur mono- 
chloride (J. Sor. Chem, ImL, 1919, 38, 248t, 344r, 363r, 432r, 
and 469r), A. G. Green has contended that the interaction of 
ethylene and sulphur monocliloride at 30^ yields a product identical 
with that obtained by Guthrie at 100*^, and suggests that this com¬ 
pound has the conslitution (CH 2 C 1 *CH 2 ) 2 SIS, but this formula is 
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the less probable in view of the experimental evidence adduced by 
Spring, Lecrenier, and James. On treating sulphur monochloride 
with ethylene at a variety of temperatures between 70^ and the 
ordinary temperature, we have ourselves never obtained Guthrie’s 
compound. 

An exploratory examination of the interaction of ethylene and 
sulphur monochloride showed us that i8)8'-dichloroethyl sulphide is 
formed at all temperatures between the ordinary room temperature 
and about 70°. The following method was adopted as the best 
and most expeditious for the laboratory preparation of j8;8'-dichloro- 
ethyl sulphide. 

Sulphur monochloride was purified by repeated distillation with 
small additions of sulphur from glass vessels; in order to ensure 
the absence of the dichloride, 2*5 per cent, of sulphur was dis¬ 
solved in the purified product, which then had a density of 1*6862 
at 14*5° and boiled at 136*5—137*5°/760 mm. About 5 per cent, 
by weight of jSiS'-dichloroethyl sulphide is added to the sulphur 
monochloride, which is then heated to 55° in the absorption bulbs 
and vigorously agitated while a rapid stream of ethylene, well dried 
by calcium chloride, is passed through the liquid. During the 
passage of the ethylene, heat is evolved, and the temperature should 
be maintained at 60° by cooling and heating when necessary; 
absorption begins immediately, and very quickly attains a uniform 
rate, stopping almost abruptly when two molecular proportions of 
ethylene have been absorbed by each one of sulphur monochloride 
present. Towards the latter part of the reaction, the liquid 
become turbid, owing to separation of sulphur in a viscous form, 
and when reaction is complete it is convenient to heat to 100° to 
produce a homogeneous solution, which can be readily poured out 
from the bulbs. On cooling the straw-coloured liquid, a copious 
deposit of crystalline sulphur separates; the crystallisation is 
facilitated by seeding. After remaining for some time in the cold, 
an almost colourless liquid may be decanted fairly completely from 
the compact, crystalline sulphur; this liquid crystallises on cooling 
and melts at 9—11°. By distillation under diminished pressure, 
the liquid is found to consist of practically pure jS^S'-dichloroethyl 
sulphide containing about 3 per cent, of sulphur in solution. On 
distilling the hot liquid, before separation of the sulphur, under 
diminished pressure, i8/3'-'diohloroethyl sulphide alone passes over, 
and, after sweeping residual vapour out of the distilling flask by a 
current of dry air, practically pure sulphur remains. 

On cooling in ice-water, the distillate solidifies to a mass of 
colourless needles resembling glacial acetic acid in appearance, and 
melts, in general, at 12—12*5°; by repeated freezing, draining off 



GIBSON ANB POPE : ^S/S'-DIOHLOROETHYL SULPHIDE. 275 

th© residual liquid, melting, and again freezing, a product melting 
at 13—13*5^ is obtained. This represents pure /3)3'-dichloroethyl 
sulphide, and was analysed, with the following results: 

0-2616 gave 0*4725 AgCl. Cl = 44-7. 

0-2587 „ 0-3862 BaS04. 8 = 20-5. 

04 X 1^0128 requires 01 = 44 6; 8 = 20*2 per cent. 

During the course of a large number of preparations, carried 
out in general accordance with the conditions described above at 
temperatures between 20° and 70°, on quantities of about 40 grams 
of sulphur monochloride, it was established that the yield of pure 
)3i3'-dichloroethyl sulphide varied between 90 and 98 per cent, of 
that theoretically possible from the sulphur chloride. The sulphur 
remaining after the distillation retained a mere trace of resinous 
matter, and no product other than iS^S'-dichloroethyl sulphide 
distils; it is therefor© concluded that the reaction represented by 
the appended equation proceeds quantitatively: 

2CHo:CH 2 f SoClo - (CH2CbCH2)2S 4 - 8. 

It should be observed that the reaction between ethylene and 
sulphur monochloride is accelerated by rise of temperature, absorp¬ 
tion being about three times as rapid at 60° as at 30°. Whilst no 
reaction other than that indicated by the above equation is appreci¬ 
able up to 60°, abs<3rption commences normally at higher tempera¬ 
tures, 80° to 85°, but the liquid soon darkens and hydrogen chloride 
is evolved; absorption then does not proceed to the normal extent, 
and a very impure product is obtained. If the product of inter¬ 
action at 60° is not heated to 100° before separation of the sulphur, 
it is observed that the latter is deposited in a gummy condition 
on cooling, and that the crystallisation is incomplete. This reten¬ 
tion of the sulphur in some kind of “ pseudo-solution’’ becomes 
more marked as the temperature of interaction is lowered. The 
SiB'-dichloroethyl sulphide added to the sulphur mouochloride 
before the reaction is started exercises some kind of catalytic 
influence in hastening the absorption; in its absence, absorption 
commences very slowly, and only attains the normal rate gradu¬ 
ally, whilst with this initial addition absorption sets in immediately 
and proceeds at an appreciably uniform rate until the reaction is 
complete. After cessation of the absorption, no trace of sulphur 
monochloride can be detected in the product. 

The reaction between ethylene and sulphur monochlorid© at 60° 
proceeds normally in the presence of metallic lead, but if metallic 
iron or an iron salt is present, the liquid darkens and hydrogen 
chloride is evolved; it is thus of importance to use sulphur chloride 
which is free /rpm iron in order to avoid the well-known chlorin- 
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ating action exercised by sulphur riionochloride in the presence of 
iron salt 3 . 

The method for the preparation of 0i8'-dichloroethyl sulphide 
from sulphur monochloride described above was communicated to 
the Chemical Warfare Department in reports dated January 30th 
and February 14th, 1918. In accordance with an agreement con¬ 
cerning the mutual exchange of information between the Allied 
Powers, these, together with the earlier report of January 16th, 
1918, were immediately communicated to France and America. 
The information thus rendered available, first, that Guthrie’s reac¬ 
tion between ethylene and sulphur dichloride is capable of giving 
a satisfactory yield of )3j8'-dichloroethyl sulphide, and, secondly, 
that a previously unsuspected reaction occurs between ethylene and 
sulphur monochloride, and results in a theoretical yield of 
j3;8'-dichloraethyl sulphide, was first passed between the Allies in 
these reports. The whole of the output of this toxic material 
achieved in Britain, France, and America durins: the recent war 
resulted from the application to large-scale production of the two 
reactions first shown to be economically possible in these three 
reports. 

At the request of Sir Richard Threlfall, certain of the energy 
constants of )3)8'-dichloroethyl sulphide were determined in this 
laboratory by Messrs. C. T. Heycock and W. H. Mills. These 
gentlemen determined the heat of combustion of the liquid sub¬ 
stance in the calorimetric bomb as 743‘3 Calories at constant 
volume; the heat of formation from rhombic sulphur, amorjdious 
carbon, and gaseous hydrogen and chlorine is thus calculatcKl as 
-f 67'& Calories. Messrs. Heycock and Atkinson also determined 
the heat of formation of sulphur monochloride from rhombic 
sulphur and gaseous chlorine as ( 2 S,Cl 2 )= -|-16’3r) (-alories, and, in 
view of the uncertainty attaching to the published values for the 
heat of formation of ethylene, Messrs. Heycock and Mills made a 
new determination, using ethylene whicli had been carefully purified 
by liquefaction and distillation, which gave the value ( 2 C, 2 H 2 )- 
— 6*1 Calories for amorphous carbon and gaseous hydrogen. From 
these data, the following thermal equation is derived : 

2 CH 2 :CH 2 + S.Cl2-(CH2CbCH2)2S4- S + 63-75 Calories. 

The heat evolution which accompanies the condensation of 
ethylene with sulphur monochloride is thus a very large one, and 
requires careful consideration in connexion with large-scale 
preparations. 

)3)3'-Dichloroet/hyl sulphide has a density of 1-285 at 15*^/4°; its 
refractive indices were determined by Mr. W. G. Palmer in this 
laboratory as 1*52776 for H^., 1*53125 for Na^, and 1*53999 for 
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Hp at 15°. The molecular depression of the freezing point by 
benzene was determined as 54*6; the latent heat of fusion is hence 
calculated as about 30 Calories. 

Aluminium, lead, brass, iron, bronze, zinc, and tin are not acted 
on by j3j8'-dichloroethyl sulphide at the ordinary temperature; with 
the first three metals no ajiprecialjle action is noted at 100°, but 
the others named are attacked at this temperature, the action being 
most rajiid in the case of tin. Titanic and stannic chlorides yield 
additive compounds with the substance. Sul})hur dichloride acts 
vigorously on )8j8'-dichloroethyl sulphide at the ordinary tempera¬ 
ture, but our prejiarations of sulphur monochloride do not attack 
the sulphide ajipreciably below about 70°; above this temperature, 
reaction occurs, with evolution of hydrogen chloride and formation 
of more highly chlorinated derivatives of ethyl sulphide. 

On treating ;3)3'-dichloroethyl sulphide with concentrated nitric 
acid and gently warming, it is converted into -flirhlorfteth//I 
Hu! (C1I.>CI*CT1.,).)S0; after diluting the solution and 
crystallising the precii)itate from 50 per cent, alcohol, the sulph- 
oxide is obtained in small, colourless jdates melting at 110°: 

0 2145 gave 0 3500 AgCl. Cl-40-4. 

C^ 4 ir,,OCt,S recpiires Cl- 40*5 per cent. 

The behaviour towards oxidising agents furnishes a ready method 
for distinguishing between Guthrie’s disul]'>hide and the mono¬ 
sulphide. 

On adding bromine (2 mols.) to an ice-cold solution of PP'-di- 
chlorcKdhyl sul])hide (I mol.) in chloroform, a dee]) orange-coloured 
precipitate quickly separates; this, although it rapidly loses 
bromine, is sufTiciently staV)le to allow of filtration, desiccation, and 
analysis. Two analyses of the product thus obtained showed the 
presence of 64*3 and 03 5 }>er cent, of ])romine, whilst the com¬ 
positions (CH.X"l*(Ml,.).S.2Br. and (CH._,Cl-CH.)..S,Br,> require 
GG'8 and 50-2 j)er cent, of bromine respectively. On keeping the 
dried, orange coloured substance, it becomes converted, with loss of 
bromine, into a bright yellow solid melting at 43—44°; this sub¬ 
stance could not. be further purified, owing to its instability, but 
was found to contain 48 5 per cent, of bromine and to yield the 
suljihoxide, ((MT.X^l*CHo)..SO, melting at 110°, on treatment with 
dilute sodium hydroxide solution. 

Tt is thus indicated that the yellow compound melting at 43 14° 

is the (lihroniide of jSiS'-dichloroethyl sulphide, corresponding with 
the sulphoxide, and that the orange-coloured substance is the 
jfrrhromide. 


Our thanks are due to Mr. G. M. Bennett, M.A., for valuable 
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assistance in connexion with the experimental work described in 
the present paper. 

This paper is published with the concurrence of the Government 
Department concerned. 

The Chemical Labobatory, 

University or Cambridge. [Received^ February 2ndt 1920. ] 


XXXV .—The Action of Ethyl Chloroformate on 
Pyridine and Quinoline. 

By Thomas Hopkins. 

Comparatively few experiments appear to have been carried out 
on the action of halogen derivatives of the simpler aliphatic esters 
or the somewhat closely related compounds, the acid chlorides, on 
pyridine and quinoline. The first investigations were those of 
Gerichten {Ber., 1882, 16 , 1251) and Kriiger (/im. 1890, 23 , 2608), 
who obtained pyridine-betaine hydrochloride by the interaction of 
chloroacetic acid and pyridine. It was found that at 202—205®, 
pyridine-betaine hydrochloride decomposes into pyridine, methyl 
chloride, and carbon dioxide. Below this temperature, however, 
pyridine-betaine appears to be quite stable. Rhoussopouloe (Bfr., 
1882, 16 , 2006) treated quinoline with ethyl chloroacetate, and 
obtained the chloride of quinoline-betaine ethyl ester. Dennstedt 
and Zimmermann {Ber., 1886, 19 , 75) studied the interaction of 
pyridine and acetyl chloride. They found that an additive product 
was first formed, and, on heating over the water-bath, the first pro¬ 
ducts isolated were pyridine and dehydracetic acid. The latter is 
formed from the acetyl chloride, and the pyridine is regarded as 
acting by removing the elements of hydrogen chloride. 

The final products of these reactions are colourless substances. 
With ethyl chloroformate, pyridine forms a colourless, additive 
eompMtiid^ which rapidly changes to red. The additive compounds 
of pyridine with hydrogen chloride, methyl chloride, or benzyl 
chloride- are all colourless substances. It does not appear possible 
to put forward any structural explanation of the intense colour of 
the compound formed from ethyl chloroformate and pyridine with¬ 
out recourse to the hypothesis of partial valency. As at present 
such an hypothesis does not admit of experimental verification, the 
cause of the colour has not been satisfactorily elucidated. The 
compfyund of quinoline and ethyl chloroformate is canary-yellow 
and is only stable at very low temperatures. 
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This reaction is interesting in two other respects. First, it 
furnishes a means for producing ethyl chloride, the ease of decom¬ 
position of the pyridine compound in the absence of moisture lead¬ 
ing to the view that the pyridine may assume the role of a catalyst. 
Secondly, the interaction of pyridine and ethyl chlorofonnate may 
be utilised for detecting small quantities of pyridine in commercial 
ammonium nitrate. The pyridine is first extracted with about 
30 c.c. of chloroform, and then one or two drops of ethyl chloro- 
formate are added. The presence of pyridine is indicated by the 
appearance of a red tint. 

Experimental. 

Ethyl (Uiloroformate ami l^yruline. 

In a preliminary experiment, 79 grams of pyridine (1 mol.) and 
108 grams of ethyl chloroformate (1 mol.) were used. The pyridine 
was placed in a round-bottomed flask, which was surrounded by a 
freezing mixture. The flask was attached to a reflux condenser, and 
the ethyl chloroformate added very slowly from a dropping funnel. 
The condenser was connected to two coiled receivers immersed in a 
freezing mixture, thence to a lube with lime-water, and finally to 
a tube containing bromine water. During the addition, a vigorous 
reaction took place, and the lime-water rapidly became milky, a 
strong stream of gas with a very sweet, ethereal odour issuing from 
the exit tube. When the addition of the ethyl chloroformate was 
complete, a dark red paste was formed in the flask. The contents 
of the latter were raised to boiling point, and a strong evolution of 
gas occurred during this process. The apparatus was then detached 
and the contents of the flask and the coiled receivers were examined. 
The liquid condensed in the coiled receivers was proved by analysis 
to be ethyl chloride. The contents of the flask consisted of a dark 
red oil and a black, viscous mass. The greater part of the oil 
distilled at 115—120°, and was pyridine. It contained also a 
white, amorphous solid, which distilled at about 230°. The same 
white substance was isolated from the black, viscous mass by solu¬ 
tion in alcohol and crystallisation in a vacuum. It contained 
Cl— 28*89, whilst pyridine hydrochloride requires 01 = 30*73 per 
cent. The substance was soluble in water, and when the solution 
was rendered alkaline with sodium hydroxide and saturated with 
salt, pyridine separated. This experiment led to the conclusion that 
the products of decomposition of the reaction were ethyl chloride, 
carbon dioxide, pyridine, and pyridine hydrochloride. 

In order to control the intensity of the reaction, xylene and ether 
were used as diluents, but in each case when either the ethyl chloro- 
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formate was added to the pyridine or vice versa, the reaction 
appeared to b© equally vigorous. The same intense reaction was 
observed when the reagents were kept at —10° during the addition. 

The. Inf'uerhve of MoiRtwe. (m the Reaction .—About 200 grams of 
pyridine distilling at 115—120° were twice fractionated over solid 
potassium hydroxide, and the portion distilling at 115° was collected 
separately and allowed to remain over sodium overnight. Gas 
bubbles were evolved, showing that moisture was present. Sodium 
wire was unsuitable, for it charred the pyridine completely. 

The ethyl chloroformate was fractionated, and the portion dis¬ 
tilling at 93° separately collected. Any free acid was first destroyed 
by adding a little calcium carbonate. This fraction was also 
allowed to remain over sodium for several days and re-distilled. 

With these purified materials, the interaction between gram- 
molecular proportions of the two substances was studied in a 
desiccator containing sulphuric acid, which itself was kept cold by 
a freezing mixture. The pyridine was dissolved in 200 c.c. of dry 
ether contained in a wide mouthed bottle. Through the opening in 
the lid of the desiccator a dropping funnel was fixed, the stem of 
which was drawn out into a capillary tub© terminating about 2 cm. 
above the surface of the liquid in the bottle. The ethyl chloro¬ 
formate was placed in the dropping funnel, which was then closed 
with a calcium chloride tube. To the side-tube of the desiccator 
two calcium chloride tubes in series were fixed. After twenty-four 
hours, the tap of the side-tube was adjusted to admit such an 
amount of dried air as would allow the ethyl chloroformate to enter 
at the rate of a drop per second. 

The same colour changes took place as in the preliminary experi¬ 
ments, and effervescence set in when the addition became too rapid. 
The dark red product was thoroughly washed six times with fresh 
quantities of dry ether and kept in a vacuum overnight. Next 
morning the surface layer was white, owing to the vacuum not 
having been maintained. The layer was removed, and the rest 
of the mass showed a uniform rose-red colour. The nature of this 
product was then examined. 

(1) The percentage of chlorine in it was estimated by the Carius 
method. Some difficulty was experienced in this, because the pro¬ 
duct was so sensitive to traces of moisture. Owing to the ease 
with which the substance decomposes when exposed for a short 
time to the atmosphere, several estimations had to be carried out 
before satisfactory results were obtained. When the operation of 
weighing and transferring to the tube was don© expeditiously, the 
percentage of chlorine was found to vary from 19’2 to 19*46, whilst 
C^H^^OoNCl requires Cl —18*93 per cent. 
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(2) The red substance when exposed to the atmosphere quickly 
effervesced, thus showing that decomposition was taking place. 
Water decomposed it rapidly with a strong evolution of carbon 
dioxide and ethyl chloride. 

(3) Hydrolytic Decomposition .—The compound (19*3 grams) was 
placed in a small flask attached to a reflux condenser, and about 
50 c.c. of water were added down the condenser tuVie, when a 
vigorous decomposition took place. When the evolution of gas 
had slackened, the contents of the flask were kept gently boiling 
for one hour. The aqueous solution was clear but slightly yellow, 
and had a strong odour of pyridine. The aqueous solution was 
then distilled, and two fractions were obtained, namely, an aqueous 
distillate up to 150^^, and a white sublimate which appeared to 
distil at about 220°. 

The aqueous distillate was strongly alkaline with a strong odour 
of pyridine, and the sulphuric acid-dichromate test showed con¬ 
clusively the presence of alcohol. 

The weight of white solid recovered was approximately 40 per 
cent, of the original weight taken. It was readily soluble in water 
or alcohol, giving colourless solutions, but insoluble in ether. It 
was recrystallised from water, dried in a vacuum for two days, and 
finally washed six times with dry ether. It melted at 120—122° 
and distilled unchanged at 220°. Analysis showed it to consist of 
pyridine hydrochloride (Found: Cl —30 09. C',H-N,HC1 requires 
Cl=^30‘73 per cent,). 

It is evident that the products of hydrolytic decom}>osition are 
free pyridine, alcohol, carbon dioxide, ethyl chloride, and pyridine 
hydr(x;hloride to the extent of about 40 per cent. This change 
may therefore be e.xpressed quantitatively by the equation: 

3CJI,NCl-CO.,Et4 2HoO^ 

C^H.N + 2C,H5N,HC1 + EtCl -r 3(^0, -f 2EtOn. 

Ethyl Chloroformate and Quinoline. 

Experiments were carried out on the interaction of quinoline 
(b. p. 134 -140°) and ethyl chloroformate in a manner analogous 
to that described above. A yellow', amorphous solid was formed, 
which was far more stable tban the corresponding pyridine com¬ 
pound. It could be submitted to the atmosphere for a TOnsider- 
able time without decomposition. On heating at 100°, it decom¬ 
posed into quinoline, carbon dioxide, ethyl chloride, and quinoline 
hydrochloride, although this decomposition is slower than in the 
case of the pyridine compound. Wat^r decomposes the quinoline 
oompound in a like manner to the pyridine compound. The 
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chlorine content of the substance was determined by the Carius 
method, and the results varied from 14*25 to 14*95, whilst 
CjgHjgOgNCl requires 01 = 14*92 per cent. The variation in the 
results may be caused by the quality of the quinoline employed, 
which was isolated by fractionating the technical product. Pure 
quinoline distilling exactly at 239° was obtained, and the experi¬ 
ments were repeated. The ethyl chloroformate had been specially 
purified. It was found, however, that the pure quinoline did not 
react with ethyl chloroformate at the ordinary temperature, at 
zero, or at -10°. They interacted only at the temperature of 
solid carbon dioxide, and formed a canary-coloured product, as in 
the preliminary experiments. When the yellow compound is 
removed from the solid carbon dioxide and allowed to remain at 
the ordinary temperature, it quickly liquefies and decomposes. 
The decomposition is brisk, and carbon dioxide and ethyl chloride 
are evolved. The extent to which this decomposition takes place 
was then investigated. In a test-tube 10 cm. long provided with 
a side-tube and stopcock was placed 0*32 gram of quinoline. The 
tube was closed with an air-tight stopper carrying a short tube 
with a stopcock. This served the purpose of displacing the air 
with dry carbon dioxide at the initial stage and sweeping out any 
ethyl chloride into a Lunge nitrometer. The tube was placed in 
solid carbon dioxide in a Dewar vessel, and the equivalent of ethyl 
chloroformate added drop by drop. Particular care was taken to 
avoid access of moisture, and the tube and its contents were allowed 
to remain in the solid carbon dioxide for five hours. It was then 
connected with the nitrometer, the tube allowed to remain in the 
air, and the issuing ethyl chloride collected over 30 per cent, 
potassium hydroxide. By this experiment, 24*8 per cent, of the 
available ethyl chloride was accounted for (theoretical, 27*16 per 
cent.). The residue contained the hydrochloride, which explains 
the discrepancy. The reaction is very sensitive to moisture, and 
it was found that where no precautions were taken to eliminate 
moisture, 23'3 per cent, of hydrochloride is formed in the decom¬ 
position, and the available ethyl chloride is much lessened. 

The author is indebted to the Research Committee of Messrs. 
Nobel’s Explosives Co., Ltd., and particularly to Mr. Rintoul, for 
the facilities accorded him in carrying out this investigation. He 
is also indebted to Messrs. Nolan and Hepworth for friendly 
criticism of the experiments. 

The Eeseabch Laboratories, 

Stbvenston. [Received, February 13l/#. 1920.] 



ACTION OF NITRIC ACID ON UNSATURATED HYDROCARBONS. 283 


XXXVI .—The Action of Nitric Acid on Unsatvrated 
Hydrocarbons. The Action of Nitric Acid on 
Acetylene. 

By Kennedy Joseph Phevite Orton and Phyllis Violet McKie. 

The action of nitric acid, in contrast to nitrogen peroxide, on 
unsaturated (non-aromatic) hydrocarbons has not yet been thor¬ 
oughly examined. Such references as are found in the literature 
indicate that complete oxidation to oxalic acid or carbon dioxide 
usually occurs. Baschieri {Atti R, Accad, JAncei^ 1901, [v], 9 , 
i, 391) and Testoni and Mascarelli (ibid., 1902, [vj, 10, i, 442; 
Gazzetia^ 1903, 33 , ii, 319), on examining the action of fuming 
nitric acid on acetylene, obtained, however, a mixture of complex 
substances, the constitution and even the composition of which were 
not with certainty elucidated. J. Schmidt 1901, 34 , 619), 

who prepared from stilbene and nitrogen dioxide a dinitrosiilbene, 
suggested that this behaviour foreshadows the manner of reaction 
with acetylene. 

We have examined the interaction of nitric acid and acetylene 
under varying conditions of concentration, of temperature, and in 
the presence of metallic salts, in the first instance to ascertain 
whether tetranitromethane or substances such as nitroform, which 
could be easily converted into tetranitromethane by nitration, were 
produced. This quest has been highly successful, and thus a source 
of tetranitromethane, which has a certain usefulness as a high 
explosive, from inexpensive materials has been obtained. 

Acetylene is absorbed with very great ease by absolute nitric 
acid, or by mixtures of nitric acid and sulphuric acid. With dilu¬ 
tion of the nitric acid, the rate of interaction, and hence the readi¬ 
ness of the absorption, decreases. Rise of temperature and the 
presence of the catalyst (mercury salt) cause an increase in the 
rate of the interaction and readiness of absorption. In these com¬ 
parative statements of the readiness of absorption, it is to be 
understood that the method of bringing the gas and the liquid into 
contact is unchanged. Obviously intimate intermingling of a gas 
and a liquid will promote absorption and interaction, and may lead 
to as ready an absorption by a dilute acid at low temperature as 
is with lees efficient mixing only found at more favourable tempera¬ 
tures and concentrations of the add. 
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The reaction is accompanied by a small development of heat. On 
the scale of our experiments, the temperature was kept thereby at 
5—8° above the laboratory temperature. 

The products of the interaction of acetylene and nitric acid are 
various; and the nature and the proportion of these products is 
largely determined by the concentration of the acid, by the 
temperature, and by the presence of a catalyst or of sulphuric acid. 

The Italian investigators {loc. cit.) isolated from the interaction 
of acetylene and nitric acid (D 1*52; the proportions are not stated) 
at low temperatures small quantities of different solid products, 
some neutral and some acid, which were frequently explosive. 
Nitroform was also found among the })roducts. 

Omitting the products of reduction of nitric acid, the reaction 
yields nitroform and certain substances, which can be converted 
into tetranitromethane, carbon dioxide (and a trace of carbon mon¬ 
oxide), and other substances—among them sometimes oxalic acid 
(“ O.S.’' in the tables)—which cannot be converted into tetranitro¬ 
methane; the latter may predominate in certain circumstances, such 
as high or low concentration of the nitric acid or low temperature. 
Of the antecedents of tetranitromethane, nitroform usually amounts 
to about 75—85 per cent., and the others to about 15 per cent. Of 
the metals which we have tried as catalyses, only mercury causes a 
marked increase of the proportion of nitroform, etc., and at the 
same time reduces to a very small proportion the by-products which 
do not yield tetranitromethane. In fact, the reaction is simplified, 
and the acetylene is quantitatively represented by nitroform, etc., 
and carbon dioxide. Table I summarises the results of experi¬ 
ments, which illustrate the effect of concentration of acid, tempera¬ 
ture, presence of mercury nitrate, or of sulphuric acid. 

Under “t.n.m.” in the table is the quantity of tetranitromethane 
(as a percentage of the acetylene reacting) which can be obtained 
from the product by a treatment described later. This quantity is a 
convenient measure of the extent to which nitroform and the other 
antecedents are produced under given conditions. If 2 moles of 
tetranitromethane were formed from one of acetylene, “ t.ii.m,” 
would amount to 1508 per cent, in a quantitative yield, or if 1 mole 
of acetylene yields one of tetranitromethane, which is far more 
probable, 754 per cent. 
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Table I. 

A. Varying Conceniraium of Nitric Acid. Temperature, 15°. 


Experi- 

Percentage of 

C,H, absorbed 
by 100 grams of 
nitric acid. 

“ t.n.m.” as per¬ 
centage of CjH.^ 

ment. 

nitric acid. 

Litres. 

absorbed. 

1. 

100*0 

1*610 

75*5 

2. 

97*5 

1*516 

163*0 

3. 

96*0 

1*296 

238*0 

4. 

90*0 

1*097 

160*0 

5. 

85*0 

0*546 

158*0 

6. 

70*0 

1*043 

37*4 


B, Snlplinric A cid present. Temperature, 15°. 


C,H, ab- CO, evolved 
sorbed per per “ t.n.m.” 

100 grams 100 grams as percent- 

of nitric of nitric CO;/C,H, age of “ O.S.** as 
Experi- HjSO,/ acid. acid. by vol- C,H, ab- a percent- 

men t. HNO,. Litres. Litres. ume. sorbed. age. 

7 . 0*11/1 1-.336 0*295 0*25/1 148*5 77*9 

8 . 0*6 /I 1*41 0*137 0*09/1 0 0 95*6 

9 . 0*5 /I 1*615 1*092 0*67/1 129*0 57*8 

10. 2*6 /I 1*774 0*17 0*1 /I 0*0 95*9 


In Experiment 9, 0*33 per cent, of mercuric nitrate was present. 
In Experiments 6 and 10 the temperature was 30°. 


C. Mercuric Nitrate present^ 0*66 per cent. Temperature, 15°. 



C,Hj ab- CO, evolved 





sorbed by 

per 





100 grams 

100 grams 


“ t.n.m.” 


Percentage 

of nitric 

of nitric 

CO,/C,H, 

as percent ■ 

” O.3.” as 

Kxpori- of nitric 

acid. 

acid. 

by vol- 

age of 

a percent- 

ment. acid. 

LitlTK. 

Litres. 

ume. 

C,H,. 

age. 

11. 90 

1*490 

2*27 

1*52/1 

204 

9*82 


D. Temperature 

Varied. 



T® 






12... -3* 96 

1*20 

0*54 

0*394/1 

104 

61*0 

13... 15 96 

1*296 

1*04 

0*8 /I 

238 

44*0 

14... 30 96 

1*49 

1*666 

1*06/1 

331 

25*4 

E, Mercuric NitratCy 0*3 

—0*66 per cent. Temperature, 30°. 

15. 96 

1*571 

2*22 

1*41/1 

623 

00 

16. 100 

3*456 

4*87 

1*4 /I 

410 

2*4 

17. 70 

0*581 

1*1 

1*91/1 

47 

1*9 


It will b© seen that both a high concentration (in the absence 
of mercury salt) and a low concentration of nitric acid are unfavour¬ 
able to the formation of nitroform and the other antecedents of 
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tetranitromethane. The optimum concentration is about 95—97 
per cent. Obviously in the interaction of nitric acid and acetylene 
the acid becomes diluted, and the yield will only be a maximum 
when a small quantity of acetylene is absorbed by this acid (Expt. 
15). To obtain the maximum quantity of nitroform (and tetra- 
nitromethane) in one operation the absorption of 3*5—3*7 litres of 


Fig. 1. 



Moles carbon dioxide or nitroform. 

Carbon diox de: no mercury present. 

Carbon dioxide : mercuiy present. — 

Nitroform: no mercury present . — 

Nilroform: mercury [resent. 


acetylene by 100 grams of 100 per cent.” nitric acid, to which 
0*33 gram of mercury nitrate has been added, is best (Expt. 16). 
The yield of nitroform is then about 14*2 grams, and of tetranitro- 
methane 16*7 grams (or 410 per cent.). At the lower concentra¬ 
tions (70 per cent.) of nitric acid, oxidation to carbon dioxide 
increases; the ratio CO 2 : CgHg (by volume, molar) approaches, 
and in Expt. 17, under the influence of mercury nitrate, nearly 
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reaches 2:1. The dependence of the products of the reaction on 
the concentration of the nitric acid is well shown in Fig. 1. This 
indicates first the volume of carbon dioxide for one volume of 
acetylene, plotted against the concentration of nitric acid, (a) when 
no mercury salt has been added, (b) when mercury salt is present, 
and secondly the moles of nitroform for o?ie mole of acetylene under 
similar different conditions; about 1 litre of acetylene has reacted 
with 100 grams of nitric acid. 

Effect of the Presence of Various Metallic Salts. 

The effect of the presence of small quantities of salts of platinum, 
silver, uranium, copper, and mercury on the reaction between nitric 
acid and acetylene has been examined. The metals were added as 
nitrates, except platinum, which was in the form of chloroplatinic 
acid. The quantities used were molar equivalents of the amount 
of the mercury nitrate required to form a 0*33 per cent, solution. 
In 95 per cent, nitric acid solution was complete, or nearly com¬ 
plete, except with platinum, 'when a heavy, yellow precipitate 
appeared and remained throughout. With copper a precipitate 
appeared during the reaction. Table II summarises the results. 
The nitric acid was diluted to 95 per cent., and the temperature 
was 30°. 

Table IT. 

CJIj CO, 

absorbed evolved 

by loo per Percent- Percent- Percent- 

grams 100 grams “ t.n.m.” age of C age of V age of C 

..f — li..- • . ti • . 




of nitric 

of nitric 

as a i>er- 

in C^Ho 

in C.,H, 

iji C.IL 

Experi- 


acid. 

acid. 

centage 

becoming becoming becoming 

inent. 

Metal. 

Litrc^s. 

Litres. 

of C,H,. 

“ t.n.m.” 

CO,. 

*' O.S.” 

18 . 

Pt 

208 

2*25 

203 

13-5 

41-8 

44-7 

19 . 

Ag 

2*73 

2-20 

221 

14-7 

49 3 

30-0 

20 . 

Ur 

2-60 

3 32 

222 

14-9 

03-0 

LM-r> 

21 . 

Cu 

2-65 

2-64 

371 

24-2 

51-6 

24-3 

22 . 

Hg 

302 

4-38 

453 

29-18 

70-81 

0-0 

23 . 

None 

2-81 

2-72 

341 

220 

49 0 

28-4 


Mercury stands alone in having a markedly favourable effe<^t on 
the rate of int/eraction, and hence on the readiness of absorption. 
Again, mercury is the only metal of those examined which exerts 
a beneficial iiitluenoe on the production of nitroform and hence 
tetranitromethane. All the metals, save copper, favour oxidation 
of the acetylene, at the expense of the production of nitroform, 
etc.; uranium is peculiarly active in this respect-. The experiment 
in which mercury is present stands out in that “ other substances ’ 
are absent. Platinum has the opposite effect, and causes an increa.se 
in the proportion of by-products. 
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The proportion of mercury is important; the most favourable 
proportion lies below 1 per cent. Table ITI summaries the results 
of experiments made with the object of ascertaining exactly the 
best proportion, which is obviously 0*3—0*4 per cent. 

Table III. 

Temperature, 30*^. 



Per- 

CjHj ab¬ 
sorbed 

CO, 

evolved 

Percent- 

Percent- 

Percent 


cent- 

by 100 

per 100 

age 

“t.n.m.” of C in 

age 

ag© 

of C in 


age 

grams 

grams 

of C in 

Ex 

of Hg(NO,), 

of nitric 

of nitric 

as a per- 0,11, bo- 

C,H,be- 

C,H, bo- 

peri- 

nitric as per- 

acid. 

acid. 

centage coming 
of C,!?,. “t.n.m.” 

coming 

coming 
“ O.S.” 

ment. 

acid, centage. 

Litres. 

Litre.s. 

CO,. 

24. 

96-0 0-66 

3*06 

4-39 

383 25-4 

71*5 

31 

25. 

950 0-33 

302 

4-38 

453 29*2 

70-8 

00 

26. 

950 0-33 

1*55 

1-62 

552 37*1 

62-7 

0-2 

27. 

97-5 0-28 

316 

4-34 

429 28-5 

68-2 

3-3 

28. 

950 0 165 

303 

3 83 

431 28*6 

63* 1 

8-2 

29. 

95 0 00 

2-81 

2-72 

341 22-6 

49-0 

28*4 


The mercury salt appears to have more than one effect on the 
interaction of acetylene and nitric acid, and at different concentra¬ 
tions as well as at different temperatures one or other of these 
effects may be the more marked. 

The most characteristic effect is the elimination of products other 
than the precursors of tetraiiitromethane or carbon dioxide. These 
products have been grouped together under other substances,’' 
but two important groups can be distinguished. In the first place, 
when the nitric acid is highly concentrated, substances are produced 
in considerable quantity which do not on further treatment^— 

nitration —yield tetranitromethane. These are probably the sub¬ 
stances isolated by Mascarelli and his co-workers. Thus we find that 
with 100 per cent, nitric acid at 14° O.S." may represent 86 per 

cent, of the acetylene absorbed, but in the presence of a mercury 
salt at 30° ** O.S.” is reduced to zero. The large increase in the 
yield of tetranitromethane from less than 100 per cent, in the first 
experiment to 460 per cent, in the second shows that the effect of 
a mercury salt is to cause the substitution of precursors of tetra¬ 
nitromethane for these other substances. 

In less concentrated nitric acid, about 95 per cent., another effect 
becomes apparent. Now in the absence of mercury an important 
by-product is oxalic acid [Ca(C02)2,H20 gave CaC08 = 69*15. Calc., 
CaCOj^ 68*50 per cent.], which can be readily isolated from or esti¬ 
mated in the product. When 1*6 litres of acetylene are absorbed by 
100 grams of nitric add (96 per cent, at 30°), as much as 25 per 
cent, of the acetylene appears as oxalic add. If a mercury salt is 
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present, however, only a very small quantity of oxalic acid is 
found, and there is a correspondingly large increase in the carbon 
dioxide. Direct experiment shows that a mercury salt does not 
cause the oxidation of oxalic acid by nitric acid, and it seems prob¬ 
able, therefore, that now, in the presence of mercury salt, some 
intermediary other than oxalic acid is directly oxidised to carbon 
dioxide. 

The presence of a mercury salt also modifies the reaction of 
acetylene with a mixture of nitric acid and sulphuric acid. A com¬ 
parison of expei'iments 8 and 9 (table I) demonstrates this effect. 
It will be seen that the precursors of tetranitromethane are only 
produced in the presence of a mercury salt, and, further, that con¬ 
currently there is more oxidation of the acetylene. 

The mercury salt is without effect on the conversion of primary 
products of the interaction of acetylene and nitric acid into tetra- 
iiitromethane, for addition after the absorption of the acetylene 
does not affect the yield of tetranitromethane in the subsequent 
treatment. The mercury salt then determines only the course of 
the primary interaction. 

Formation of Fitrofonn and other Precursors of Tetranitro- 
methane ,—In order to account for the formation of tetranitro¬ 
methane in the interaction of diacetylorthonitric acid, acetyl nitrate 
or nitric acid and acetic anhydride, Pictet and Genequaiid {Ber.y 
1903, 36, 2225) suggested that nitroform, which they isolated, or 
even trinitroacetic acid, precedes tetranitromethane. The formation 
of tetranitromethane by the nitration of nitroform had earlier been 
demonstrated by Schischkov {Annalen^ 18G1, 119, 248), who used a 
mixture of nitric and sulphuric acids. 

Nitroform, as its characteristic ammonium salt, can easily be 
isolated from the product. The estimation in the complex acid 
mixture is not so simple; but after removal of the “nitrous acid “ 
by ammonium nitrate the nitroform can be distilled in a current of 
steam or extracted with ether, and then titrated in the distillate or 
extract with alkali hydroxide, or, better, with permanganate. 

The quantity of nitroform thus determined does not re})resent 
more than 85—87 per cent, of the tetranitromethane which can be 
obtained from the product, and is in some circumstances less. No 
want of accuracy which can be detected in the method of estima¬ 
tion of the nitroform will account for this discrepancy between the 
quantities of nitroform and tetranitromethane. 

Clear evidence that the product contains substances other than 
nitroform which yield tetranitromethane when heated with sul¬ 
phuric acid is adduced by the following experiment. The product 
was obtained by passing acetylene into 95 per cent, nitric acid at 
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30°, O’33 per cent, of mercuric nitrate being present. The ;nitro- 
form found in a portion of the fresh product was equivalent to 
15’6 grams of tetraiiitromethane, whereas the product yielded 
20 grams. An equal portion of the product was heated at 86° for 
two hours before treatment with sulphuric acid. The yield of 
tetranitromethane in this portion was now 16*6 grams, and the 
nitroform therein was equivalent to 15*3 grams. 

The yield of tetranitromethane also falls off, rapidly at first, if 
the product is kept for some time at the ordinary temperature, 
whereas the decomposition of nitroform in the product, which is also 
observed, is very much slower. 

Obviously substances which can yield tetranitromethane have 
been destroyed by heating or keeping the product. It is clear that 
they have not been converted into nitroform, for the quantity of 
nitroform is approximately unchanged and, it is to be noted, after 
the heating, is nearly equivalent to the tetranitromethane. 

The formation of nitroform from acetylene and nitric acid can 
be represented as the result of a simple addition: 

CH:CH + 2HN03-~> (N02)^CH-CH(0H)2 —> 

(N 02 ) 2 CH-CH 0 (N 0 o) 2 CH-C 02 H either--^ 
(N02)9CH2+C02 or po^bly (N02)oCH-C02H-f HNOo 

(N02)3C-cb2H (N02)3CH 4- CO 2 . 

(The addition of nitrogen peroxide is not considered.) 

Dinitromethaiie very readily reacts with nitrous acid (Duden, 
Ber.y 1893, 26, 3003), yielding the f^onitroso-compound, which 
under the conditions would probably be oxidised to nitroform, 
thus: 

(N02)2CH2 -f HNOo (N02)2C:N0H (N02)3CH. 

The y'^onitroso-compound does not appear usually to be present in 
the product, for in normal experiments there is no marked indica¬ 
tion of the blood-red colour which it yields with alkalis (Duden, 
loc. cit.). At lower dilutions of nitric acid, however, this reaction 
is obvious on rendering the product alkaline. 

When nitroform is produced by the routes indicated above, one 
mole of acetylene yields one mole of nitroform and one mole of 
carbon dioxide; hence as a maximum only 50 per cent, of the 
carbon of the acetylene would become nitroform. 

Experimental. 

The essential parte of the apparatus are shown in Fig. 2. 
Acetylene is absorbed so readily, at least by sufficiently concen¬ 
trated nitric acid at moderate temperatures, that the Drechsel 
bubbler (A), in which the end of the inlet tube is somewhat con- 
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stricted, serves as the reaction vessel; the bubbles of gas are broken 
by a layer of glass beads. This bubbler, which is nearly full, is 
immersed in a bath maintained at a constant temperature, 
usually 30®. 

The second bubbler (B), which is placed in a cooling-bath, con¬ 
tains 30 c.c. of sulphuric acid (96—97 per cent.); all the oxides of 
nitrogen coming from (.4) are absorbed in (B). No nitrous or 
nitric oxides have been found in the gas, which passes through the 
sulphuric acid. Safety devices for meeting a development of 
negative pressure or a sudden positive pressure are placed at a, 
and (\ Samples of gas for analysis can be drawn off from the pipe 
line at e and /. 

The acetylene, which was not purified, was dried by calcium 
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chloride, lu this apparatus, good absorption (more than 90 per 
cent, under the best conditions) was obtained up to a speed of 
400 c.c. per hour. Usually the speed was considerably less, about 
150—200 c.c. per hour. 

The nitric acid was prepared from a crude, fuming nitric acid 
(D^^ 1*5), which contained much iodine as iodic add, by distilling 
from an equal weight of sulphuric acid. The distillate had 
D*'* 1*545; the add contained 2*2 per cent, of “nitrous acid,” as 
determined by potassium permanganate. 

Mercuric nitrate (0*5 gram:0*33 per cent.) is placed in the 
bubbler, then water (7*5 c.c. when a 95 per cent, nitric add is 
used), and finally the nitric acid (138*6 grams=90 c.c.). The 
mercuric nitrate dissolves completely; the quantity of 95 per cent, 
nitric add just given will dissolve 1*2—1*3 grams at the ordinary 



ORTON AND McKIE : THE ACTION OF 


temperature. Absolute nitric acid dissolves very little mercuric 
nitrate which, at the beginning of the experiment, is in suspension, 
but dissolves later. 

It is not advantageous to pass more than 4*5—4*6 litres of 
acetylene into A, although when absolute nitric acid is used this 
may be increased to 5 litres. As the reaction proceeds, the nitric 
acid is diluted; not only is the reaction then more tardy, and hence 
the absorption poorer, but oxidation of the acetylene, and hence 
the evolution of carbon dioxide, becomes more prominent. At the 
early stages of the reaction, very little gas leaves (.1); later, oxides 
of nitrogen and carbon dioxide are evolved, towards the end of the 
experiment vigorously. 

The results of typical experiments are summarised in table IV. 

Table IV. 

In all experiments, 0'33 per cent, of mercury nitrate was present. 

CaH, CO, 

Per- absorbed evolved Percent- Percent- Percent* 


cent- by 100 by 100 age age age 


Ex- 

age 

of 

grams 
of nitric 

Nitro- 

grams 
of nitric 

“t.n.m.” of C in 
as a por- CjH, bo- 
centage coming 
of C,H,. “t.n.m.** 

of C in of C in 
C,H, be- be. 

coming coming 
CO,. “ O.S.^ 

peri- 

nitric 

acid. 

form. 

acid. 

ment. 

acid. 

Litres. 

Qrams. 

Litres. 

30. 

960 

3068 

10-3 

4-38 

436 28-94 

71-04 00 

31. 

97-5 

3163 

10-5 

4-34 

430 28-8 

68-6 2-3 

32. 

1000 

3-466 

11-0 

4-87 

410 27-6 

70-5 2-4 

33. 

1000 

2-883 

9-9 

4-07 

448 29-73 

70-3 0-0 


Preparation of Nitroform. —The product is diluted 1 to 10, and 
then the nitrous acid removed by ammonium nitrate, 20 grams to 
100 c.c. of the diluted product. The nitroform is then extracted 
by ether, preferably in a continuous apparatus. The ethereal 
extract is concentrated and added to alcoholic ammonia or alcoholic 
potassium hydroxide, when the salt crystallises out. From 100 
grams of the product prepared under the best conditions, about 
15 grams of the crude ammonium salt can be obtained. 

Analyeie of the Product; Nitroform^ Nitroug and Nitric Acidg. 
—The estimation of nitrous acid cannot be made directly on the 
product, for other substances which reduce permanganate are 
present. Two procedures have been followed. The permanganate 
titre of the product diluted 1 in 10 is determined; then either the 
nitrous acid is removed by aspiration or by boiling with ammonium 
nitrate (Gailhat, J. Pharm. Chim.^ 1900, [vi], 12, 9; Gerlinger, 
Zeitsch. am>gew. Chem,, 1902, 14, 1260; they both use ammonium 
chloride). In the aspiration, it is not necessary to remove the 
whole of the nitrous acid, which is a very lengthy process. At a 
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given temperature and with a given air current, the percentage 
loss of nitrous acid from the solution follows the well-known law, 
and is independent of the initial concentration. At 16^^, with the 
rate of air current 01 litre per minute, trials with known solutions 
of nitrous acid at various concentrations in aqueous nitric acid, and 
with known solutions of nitroform and nitrous acid in 7—8 per 
cent, nitric acid, show that 73'3 (72-8—73 9) per cent, of nitrous 
acid disappear in one hour. After the partial removal of the 
nitrous acid by aspiration or the complete removal by ammonium 
nitrate, the residual permanganate tit re is determined, whence the 
'“nitrous acid'’ can be calculated. Determinations of the nitrous 
acid made by these two methods agree fairly well, but the method 
of as})iratioii is probably the more trustworthy. 

Determination of Nitroform .—Nitroform can be titrated in 
aqueous solution by alkali hydroxide in the presence of phenol- 
phthalein (Ilantzsch and Rinckenburger, 7fer., 1899, 32, 631). We 
have devised a method, dej)ending on the reduction of perman¬ 
ganate in the presence of sulphuric acid, which will be discussed 
more fully in another place. Recently, Erich Schmidt (7ier., 1919, 
52, [7il, 400) has described a procedure in which nitron is used as 
precipitant; this we have not yet tested, nor would it be easily 
applicable to our conditions, owing to the presence of nitric acid. 

The product contains, besides nitrous acid and nitroform, other 
substances (for exam{)le, oxalic acid) which reduce permanganate. 
After removal of the nitrous acid, the nitrofonn may be extracted 
with ether and then titrated, or, preferably, distilled off and 
titrated with permanganate. 

The following is a typical analysis: 2—-5 c.c. of the ^'pro<juct" 
are added to 18—45 c.c. of A/2-A"-alkali hydroxide; 5 c.c. are 
diluted with 10 -15 c.c. of water, and 2—3 grams of ammonium 
nitrate added. The mixture is gently boiled for several minutes 
(five to*ten), and then diluted to 100 c.c., acidified with 5—10 c.c. 
of 10 per cent, sulphuric acid, and distilled until the distillate is 
colourleas (thirty minutes). The distillate may be collected in 
water or A"/10-alkali; it is finally titrated with T/lO-KMnO^. 
One c.c. of N / 10 -KMnO 4 is equivalent to 151/80,000 = 0 0019 gram 
of nitroform. 

After destruction of nitrous acid and extraction of nitroform by 
ether, the residue still reduces permanganate. The reduction is 
but small under conditions most favourable for the preparation of 
nitroform or tetranitromethane. Some, and sometimes most, of 
the reduction of the permanganate by the residue is to be 
attributed to oxalio acid. 

A rough estimate of the nitric acid in the product can be made 

VOL. oxvir. ^ 
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by deducting from the total alkali titre the alkali titre equivalent 
to the permanganate titre of the diluted product. As this deduc¬ 
tion does not amount to more than 10 per cent, of the total alkali 
titre, a rough estimate of the nitric acid remaining is possible. 

In a typical experiment, in which 4*27 litres of acetylene were 
absorbed by 138*6 grams of nitric acid (diluted to 95 per cent.), 
about 75 grams of nitric acid remained in the product, which 
weighed 123 5 grams. Deducting nitric acid, nitrous acid, and 
nitroform, the water in the product comes to 30 grams. 

Analysis of Gases evolved during the Interaction of Acetylene 
and Nitric Acid. —The gas coming from the bubbler {B) is collected 
over a neutral, saturated calcium chloride solution in a large 
vessel of known capacity; the last part of the gas in an experi¬ 
ment is measured in a graduated vessel. Both carbon dioxide and 
acetylene are less readily soluble in saturated calcium chloride than 
in other saline solutions; at 14°, carbon dioxide has a solubility 
of OT in 1, and acetylene O’08 in 1, by volume. 

The gas evolved during the heating of the product with sulphuric 
acid was collected in a similar manner. The liquid nearly filled 
the flask, which was ground on to a narrow condenser tube; this 
tube was carried on as a delivery tube for the evolved gas. 

Table IV shows the large volumes of gas (carbon dioxide) 
collected. Nine-tenths, or rather more, are evolved during the 
interaction of acetylene and nitric acid when mercury is present, 
and the remainder during the heating with sulphuric acid. In the 
absence of mercury, 2/3—3/4 of the gas passes of at the first 
stage, and 1/4—1/3 at the second stage. These ratios strictly 
apply only to the carbon dioxide, which, however, largely pre¬ 
dominates, especially in the first stage, less exactly to the total 
gas. The gas consists in the main of carbon dioxide with small 
percentages of acetylene and carbon monoxide, and traces of air. 
The gas given off in the heating contains much oxygem (up to 
40—50 per cent.) from the interaction of nitric and sulphuric 
adds. 

The gas was analysed in a Bone and Wheeler ” apparatus. The 
acetylene was absorbed by a 5 per cent, solution of potassium 
bromide saturated with bromine; the absorption is somewhat slow 
towards the end, but complete. After removal of the bromine 
vapour by the alkaline reagent, the carbon monoxide is absorbed 
by the ammoniacal cuprous chloride reagent. We have tested 
exhaustively this procedure on known mixtures of gases, and found 
it quite accurate. Usually, the gas of the first stage will contain: 
002 = 75—80, CoH 2 = 5—6, 00 = at most 1 per cent. 

Preparation of Tetramtromethane. —Originally, tetranitro- 
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methane was prepared by Schischkov (Zoc. dt.) from trinitroaceto- 
nitrile. Later, it was obtained in the exhaustive nitration of 
aromatic hydrocarbons (Will, Ber.^ 1914, 47, 704; Claessen, 
D.R.-P. 184229) by the action of diacetylorthonitric acid or acetyl 
nitrate on acetic anhydride (Pictet and Genequand, loc. cit. ; Pictet 
and Khotinsky, Qompt. rtnd.^ 1907, 144, 210), or from nitrogen 
pentoxide on acetic anhydride (Schenck, D.R.-P. 211198, 211199), 
or from nitric acid on acetic anhydride (Farbenfabriken vorm. F. 
Bayer & Co., D.R.-P. 224057; Berger, Cornpt. rend,, 1910, 151, 
813; Chattaway, T., 1910, 97, 2099). 

In preparing tetranitromethane from a hydrocarbon by 
exhaustive nitration, it is obvious that a low proportion of hydrogen 
to carbon, sucli as obtains in benzene, naphthalene, or acetylene, 
is desirable in order to economise nitric acid. Not only does the 
oxidation of a large proportion of hydrogen entail a correspond¬ 
ing loss of nitric acid, but the nitrating agent becomes diluted 
with water, and hence less efficient. On these grounds, benzene or 
its derivatives, or naphthalene derivatives, or acetylene are the 
most suitable substances. For various reasons, acetylene would be 
an excellent source of tetranitromethane. Whilst only some 
4—5 per cent, of benzene nitrated can be converted into tetranitro¬ 
methane, it has been shown in the foregoing that some 37 per 
cent, of the acetylene appears as this substance under suitable 
conditions. 

The product from the interaction of acetylene and nitric acid 
contains very little tetranitromethane. If it is heated or first 
mixed with phosphoric oxide, sulphuric acid, or fuming sulphuric 
acid and then heated, tetranitromethane is formed. 

A satisfactory procedure, in which all the nitroform is converted 
into tetranitromethane and the maximum yield is obtained, is to 
mix the product from 90 c.o. of 100 per cent, nitric acid with 
190—380 grams of sulphuric acid or sulphuric acid containing 
25 per cent, of sulphur trioxide. The sulphuric acid is added to 
the product, and care is'taken that the temperature does not rise. 
The sulphuric acid from the bubbler (i?), which contains a little 
nitroform, is also introduced. The mixture may be then directly 
distilled, but it is preferable to heat it, finally to 90—95^, under 
refiux until gas ceases to be evolved; this operation usually occupies 
about four hours. For reasons given in the foregoing, it is 
important that the product is mixed with sulphuric acid as soon 
as possible after the passage of the acetylene. That this mixture 
should then be kept for some time before heating or distilling is 
immaterial. 

On cooling, mtich of the tetranitromethane will appear as an 

M 2 
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oil, or even crystals; it may be collected by means of carbon tetra¬ 
chloride or petroleum, but isolation by distillation is simplest. 

The effect of certain variations in this procedure may be noted. 
The proportion of sulphuric acid may even be reduced bdiow the 
limits given in the foregoing without producing any considerable 
diminution in the yield. Even if the proportion H 2 S 04 :HN 0 .^ = 
0*75:1 by weight, the yield of tetranitromethane is 6nly reduced 
by 10 per cent. The heating or the distillation of such a mixture 
is, however, attended with risk, as sudden decomposition, with 
evolution of gas, may ensue. 

The addition of 20—25 grams of nitric acid to the mixture of 
the i^roduct and sulphuric acid before heating or distilling leads 
to an improvement of the yield (some 10 per cent.), especially if 
the conditions have otherwise been unfavourable; for example, if 
an excessive volume of acetylene has been passed into the nitric 
acid, or the temperature has been low, or the nitric acid too dilute. 
Under the conditions outlined in the foregoing, such addition of 
nitric acid has little, if any, effect. 

As examples of the operation, the two following may be cited. 
The largest quantity of tetranitromethane (23*2 grams: 410 per 
cent, on the acetylene) in one operation was obtaine<l by passing 
5 litres into 138*6 grams (90 c.c.) of absolute nitric acid at 30^ with 
0*55 gram of mercuric nitrate in suspension. A better yield, of 
453 per cent., was obtained by passing 4*6 litres into the same 
quantity of nitric acid diluted with water to 95 per cent, at the 
same temperature and with the same quantity of mercuric nitrate 
in solution; the weight of tetranitromethane isolated was 22*3 
grams. 

The Purification and Properties of Tetranitromethane .—The 
crude material, after washing with water, is nearly colourless, and 
melts at 13*4—13*5°. Thorough washing with dilute aqueous 
sodium carbonate does not change the melting point. After partial 
freezing and pouring off the remaining liquid three times, the sub¬ 
stance melted at 13*75^, and the melting point was not raised by 
further fractionation. It has 1*65009. 

University College of N. Wax.es, 

Bangor. [Received, January \Uh, 1920.] 
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XXXVII .—Synthetical Experiments with ^B'-Dichloro- 
ethyl Sulphide. 

By William Davies. 


A CONSIDERATION of the formula of penthiophencarboxylic acid (I) 


(I-) 


s< 


CH„-CH 

CHj-CH 


s>CH-C02H 

2 


(II.) 


leads to the expectation that this acid would show pro])erties ana¬ 
logous to those exhibited by benzoic acid. In order to test this 
hy])ot.hesis and with the object of synthesising ])enthiophencarb- 
oxylic acid, an attempt was made to c-ondeiise jSjS'-dichloroethyl 
sulphide with ethyl sodiomalonate, when it. w’as expected that ethyl 
J-thioj)entaniethylene-4 :4-dicarboxylate would be ])roduced, and 
that this ester, on hydrolysis and elimination of carbon dioxide, 
would yield l-thiopentaniethylene-4-carboxylic acid (TI). This, on 
successive bromination and elimination of hydrogen bromide, 
should furnish the desired penthiophencarboxylic acid. 

The condensation with ethyl malonate proceeded, however, in a 
different direction, as was evident from the fact that the product 
of the reaction, namely, ethyl y-thiodiethylmalonate (which could 
not be obtained in a ])ure state), on hydrolysis and elimination of 
carbon dioxide, yielded y-thiodibutyric acid, 

This acid was obtained in shining leaves melting at 97—98'^, and 
for a dibasic acid is surjirisingly sparingly soluble in cold ^vater. It 
had already been described by Gabriel (/fcr., 1890, 23, 2493), who 
prepared it (m. p. 99°) by hydrolysing the nitrile obtained by heat¬ 
ing y-chlorobutyronitrile with potassium sulphide. 

Since the malonic ester condensation did not give the desired 
result, /SjS^-dicliloroethyl sulphide was condensed with ethyl sodio- 
acetoaoetate, and the condensation product submitted to alkaline 
hydrolysis. The acid isolateii was again y-thiodibutyric acid, show¬ 
ing that the condensation had resulted in the formation of ethyl 
aa'-diaceto-y-thiodibutyrate, thus: 


^ 2CH,*CO-CH2-COjEt . 

' -f2NaOEt 

Q^CHj-CH^-CHAc-COjjEt 

^^CHj-CHj-CHAc-COjEt * 



298 


DAVIES : SYNTHETICAL EXPERIMENTS WITH 


On alkaline hydrolysis this ester is decomposed in the usual 
manner to produce y-thiodibutyric acid. 

It is noteworthy that a much better yield of y-thiodibutyric acid 
was obtained in the condensation with ethyl acetoacetate than in 
the corresponding experiment with ethyl malonate. 

The conditions of experiment in the condensation with these two 
esters were varied (see pp. 302, 304), but in no case was there any 
evidence of ring-formation. The attempt to synthesise 1-thiopenta- 
methylene4-carboxylic acid had therefore to be abandoned. 

Experiments were next made on the action of potassium cyanide 
on i8i8'-dichloroethyl sulphide in the hope of obtaining )3i8'-d icy ana- 
ethyl sulphide, S(CH2'CH2*CN)2. 

The nitrile obtained, however, was found to possess the abnormal 
formula CgHj2S2(CN)2, and yielded on hydrolysis the actVf, 
0^111282(00211)2. It is possible that the nitrile has the composition 
ON-OH2-OH2-S-OH2-OH2-S-CH2-OH2-ON, but the matter has not 
been further investigated. 

The next experiments were made with the object of preparing 
tetrahydrothiophen by the action of metals, especially sodium, on 
j8)3'-dichloroethyl sulphide. Molecular sodium has, however, no 
action on the dichloro-derivative in boiling xylene, and when sodium 
is heated with it without diluent, there is no sign of reaction until 
the mixture is boiled, and then the sodium suddenly takes fire and 
forms sodium sulphide as well as sodium chloride. Boiling the 
dichloro-derivative with molecular silver and with finely divided 
copper also gave a negative result. 

The action of jSjS'-dichloroethyl sulphide on ammonia was then 
investigated, with the object of preparing 1 :4-thiazan, thus: 


s< 


CHj-CHjCl 

CHj'CHjCl 


+ NH, 



Several alkylthiazans have already been prepared from j8)3'-di- 
chloroethyl sulphide by the action of amines (Clarke, T., 1912, 101, 
1583), but the parent substance has not been described. 

i3i8'-Dichloroethyl sulphide reacts only sluggishly with dry gaseous 
ammonia, even at 150°. On the other hand, when heated with 
excess of alcoholic ammonia under pressure at 60°, it is readily 
converted into 1: i-thiuzan. Thiazan is a colourless liquid with a 
characteristic odour and boils at 169°/758 mm., or 5° higher than 
methylthiazan as recorded by Clark {loc, cit,). It has most of the 
properties common to organic bases, but the platinichloride has the 
formula B,HCl,PtCl4, and the mode of formation of the hydro- 
chloride (see p. 307) tends to show that the sulphur atom, as well 
as the imino-group can attach hydrogen chloride. Thiazan reacts 
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readily with potassium, and the picrate and picrolonate are charac¬ 
teristic, crystalline substances melting at 198° and 242° respectively. 
Thiazan combines with one molecule only of ethyl iodide, yielding a 
crystalline ethiodide. 

The sulphone and sulphoxide corresponding with jSjS'-dichloro- 
ethyl sulphide (compare Spica, Gazzetta, 1919, 49, ii, 299) are 
colourless, crystalline substances which do not possess the 
characteristic physiological properties of the parent sulphide, but 
the sulphone, especially in the form of fine dust, causes sneezing. 

The jSiS'-dichloroethyl sulphide used in these experiments was 
kindly supplied by the Manager of the Avonmouth factory, where 
it was made by the sulphur monochloride process. It is noteworthy 
that it contained about 0'5 per cent, of diethylene disulphide, 
whilst the German mustard gas,” made by the thiodiglycol 
process, contained very much more. 

Experimental. 

Vnrtjication of -Diehloroethyl Sulphide. 

The crude substance is best purified by distillation in a vacuum, 
but the fraction of constant boiling point still contains a trace of 
diethylene disulphide. This can be practically completely removed 
by distillation under ordinary pressure, as the disulphide very 
readily sublimes at 190°, before the boiling point, 217°, of the 
dichloro-derivative has been reachecl. It is, however, more con¬ 
venient to retain the small amount of impurity, and, after a reac¬ 
tion, to distil off the disulphide and unchanged dichloro-derivative 
in a current of steam. 

The disulphide is very volatile, has a disagreeable odour, and 
melts at 111° (Found : C = 39*8 ; H = 6'8. C 4 HgS 2 requires C —40*0 ; 
H = 6*7 per cent.). It was conclusively identified by a determin¬ 
ation of the melting point when mixed with the diethylene 
disulphide (m. p. 111°), obtained by boiling alcoholic sodium 
sulphide with ethylene dichloride (compare Masson, T., 1886, 49, 
235). 

Pure )8)3'-dichloroethyl sulphide boils at 120°/34 mm. and 122*5°/ 
37 mm., and readily solidifies in cold weather, forming long, colour¬ 
less needles, which melt at 13*5° to a liquid having a density of 
about 1*28 at the ordinary temperature. It is very sparingly 
soluble in water (compare Hopkins, /. Fharm. Expt, Ther.y 1919, 
12 , 393), but can be readily hydrolysed by boiling alcoholic sodium 
hydroxide solution. This reagent and nitric acid are convenient 
substances with which to clean vessels that have contained 
j8i3'-dichloroethyl sulphide. 
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The sulphone is formed in almost theoretical amount by adding 
)8)3'-dichloroethyl sulphide to excess of fuming nitric acid (D 1*50), 
the vigorous reaction being completed by cautiously boiling for a 
short time. On cooling, pouring into water, and keeping over¬ 
night, the sulphone is precipitated, and crystallises from alcohol 
in colourless, lustrous laminae melting at 53*5^. An incautious 
smell of the crystals may cause violent sneezing. The sulphone is 
volatile in steam. As it is extremely difficult to detect the chlorine 
by the ordinary sodium test, it is better to reduce the sulphone by 
sodium in alcohol prior to testing (Found: C = 25*3; 11 = 4-2; 
S = 16-9. C 4 H 8 O 0 CI 2 S requires C = 25-l; H = 4-2; S = 16*75 per 
cent.). 

The sulphoxide is formed quantitatively by gradually adding 
iS^S'-dichloroethyl sulphide to excess of cold ordinary nitric acid and 
allowing the solution to remain for twenty-four hours at the 
ordinary temperature. The liquid is then rendered slightly alkaline 
by sodium carbonate, and the sulphoxide is precipitated. It 
separates from alcohol in colourless crystals melting at 109*5^. It 
dissolves readily in organic solvents, but is only sparingly soluble 
in water, which it renders faintly alkaline (Found: C = 27*3; 
H = 4-5. CjHyOCUS requires C = 27*4; H = 4*6 per cent.). 


Cofif/cnmfio?} of Ethi/I Sodiornalonafe with fi^^-I)irhJoroethf/l 

Sulphide, 

To a mixture of jS^S'-dichloroethyl sulphide (25 c.c.: 1 mol.) and 
ethyl malonate (68 c.c.: 5 per cent, excess of 2 mols.) was slowly 
added a cold solution of sodium ethoxide prepared from 9*8 grams 
of sodium (5 per cent, excess of two atoms) in 150 c.c. of absolut-e 
alcohol. There was a slight evolution of heat, the liquid became 
cloudy, and ^ith occasional shaking during half an hour the con¬ 
tents of the flask became almost solid through the deposition of 
sodium chloride. The product was allowed to remain overnight, 
the reaction completed by boiling for one hour on the water-bath, 
the alcohol distilled off, and the residual white mass treated with 
150 c.c. of water and distilled in a current of steam. A little 
unchanged ethyl malonate passed over, together with a trace of 
diethylene disulphide. 

There remained in the flask a heavy oil, which was extracted 
with ether. The ethereal solution was dried and evaporated, when 
the residual oil weighed 45 grams. This oil, which undoubtedly 
consisted largely of ethyl y-thiodiethylmalonate, was a very pale 
yellow liquid with a not unpleasant odour somewhat reminiscent 
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of celery. As it decomposed on attempted distillation under 
diminished pressure, it could not be obtained in a pure state. Since 
its hydrolysis by aqueous or alcoholic alkali is liable to be very 
violent, aqueous alkali was at first employed, and the following 
procedure adopted. 

The ester (15 grams) was poured into 100 c.c. of sodium hydr¬ 
oxide solution (47 per cent.), and the mixture shaken. The heat 
given out was sufficient to cause the liquid to boil gently, and this 
ebullition was maintained by the careful addition, with constant 
shaking, of a further 30 grams of the ester. The reaction having 
subsided, methyl alcohol (100 c.c.) wa^s added, and the mixture 
boiled for two hours. After removing the ethyl and methyl 
alcohols by distillation, and cooling the gelatinous sodium salt 
which was formed, hydrochloric acid (200 c.c. of 30 per cent.) was 
added, and the thio-acid extracted six times with ether. The 
ethereal solution was dried and evaporated, leaving 17 grams of a 
brown syrup, which showed no tendency to solidify after scratching 
and keeping in a vacuum over sulphuric acid at 0*^ for a week. 
This crude acid was moderately soluble in water, and from it 
crystalline -y-thiodibutyric acid was obtained, in the following way. 
(Carbon dioxide was eliminated by heating in an oil-bath for eight 
hours at 150—170®, when effervescence had completely ceased. The 
dark residual acid solidified on cooling, and a sample crystallised 
from ether melted at 40- 60®. After boiling the ammonium salt 
of the acid with animal charcoal and repeatedly crystallising from 
water, the acid was obtained in colourless leaves with a nacreous 
lustre melting at 97—98® (Found: 0=^46 0; H~6-8. Equiv.- 
102*7. requires C“-46'G; IT —6*8 per cent. Equiv.— 

103). 

•y-Thiodibutyric acid is fairly readily soluble in hot water, very 
sparingly so in cold, but in order to obtain the acid in a crystal¬ 
line condition, the a(|ueous solution employed must be dilute, other¬ 
wise, on cooling, the acid is precipitated as a brown oil. The acid 
is moderately soluble in alcohol, ether, or benzene, and crystallises 
from the lastriiamed in microscopic plates on adding light 
petroleum. The acid does not distil in a current of steam or under 
diminished pressure. The ammonium salt slowly decomposes, with 
precipitation of the acid, when its aqueous solution is allowed to 
remain for several weeks. 

E t hi/l y-Thiofiih ut if rate . 

In order to ascertain whether the crude thiodibutyric acid con¬ 
tained any cyclic monobasic acid, the acid left after elimination of 

M* 
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carbon dioxide was esterified, and the ester fractionally distilled. 
The crude acid (41 grams), prepared from 100 o.o. of diohloroethyl 
sulphide and 272 c.o. of ethyl malonate, was esterified by boiling 
for three and a-half hours with 200 c.c. of absolute alcohol and 
30 c.c. of concentrated sulphuric add. The product was poured 
into water, extracted with ether, and the ethereal solution washed 
with sodium hydroxide solution and dried over calcium chloride.* 
On distilling the ester, the first fraction, apart from a trace of 
diethylene disulphide boiling at 107^/23 mm., consisted of 20 grams, 
which passed over at 180—200°/23 mm. On redistillation, 
17 grams of this fraction were obtained at 188—197°/23 mm,, 
mostly at 196°. The viscous, residual ester in the flask could not 
be distilled without decomposition, and has not been investigated. 

Uthyl y~thiodihutyrate is a colourless liquid with a disagreeable 
odour, insoluble in water, and readily miscible with organic solvents.’ 
It boils at 185°/11 mm. and 196°/23 mm., and has 1*4701. On 
hydrolysis, -y-thiodibutyric acid (m. p. 97—98°) is formed: 

0*0953 gave 0*1941 CO^ and 0*0738 H^O. C-55*6; 11-8*6. 

0*1387 „ 0*1224 BaS04. S = 12*l. 

C12H22O4S requires C = 55*0; H = 8*4; S = 12*2 per cent. 


Condensation of -Dichloroethyl Sidphide with Ethyl Sodio- 
malonate in the Absence of Alcohol, 

In order to avoid any hydrolytic action of sodium ethoxide on 
the dichloro-derivative which may have taken place, even in the 
cold, the condensation was carried out in the following way. Ethyl 
malonate (136 c.c.) dried over calcium chloride was added to 
molecular sodium (20 grams) in boiling xylene. Dry benzene was 
added, and the mixture boiled gently on the water-bath. After 
four hours, all the sodium had disappeared, giving rise to the 
gelatinous ethyl sodiomalonate. fSiS'-Dichloroethyl sulphide 
(60* c.c.) was slowly added with shaking, and the benzene solution 
boiled for ten hours. The benzene was then removed, water added, 
the mixture distilled in a current of steam, and the residual ester 
worked up as before. The yield of ethyl y-thiodibutyrate was better 

* In the first esterification the catedyst used was hydrogen chloride, and 
the resulting ester showed the physiological properties of “ mustard gas,” 
although there was not sufiicient present to be separated by fractional dis¬ 
tillation. This trace of '-diohloroethyl sulphide was clearly formed by the 
action of hydrogen chloride on some thiodiglycol, doubtless obtained by the 
hydrolytic action of the slightly alkedine ethyl sodiomalonate on the dichloro- 
derivative. Since the unexpected formation of iSjS'-dichloroethyl sulphide 
even in trifling amount is dangerous, sulphuric acid has been used as the 
catalyst in all esterifications. 
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than in the former experiment, the fraction b. p. 180—200*^/ 
23 mm. weighing 12 grams. No other fraction was obtained. 


Condensation of -Dichloroethyl Sulphule with Ethyl 
S odioacetoacetat e. 

A cold solution of sodium ethoxide, prepared from 20 grams of 
sodium and 300 c.c. of absolute alcohol, was added to a mixture of 
50 c.c. of /3^'“dichloroetliyl sulphide and 120 c.c. of ethyl aceto- 
acetate. There was a slight evolution of heat, and the reaction 
was facilitated by shaking. The contents of the flask set to a 
white mass in half an hour, and, after remaining overnight, the 
reaction was completed on the water-bath, the alcohol removed, 
water added, and the mixture distilled in a current of steam. The 
heavy oil, non-volatile in steam, was extracted with ether, dried, 
and found to weigh 127 grams (120 c.c.). It decomposed on 
attempted distillation under diminished pressure. 


Hydrolysis of the Ethyl A cettxicetate Derivative irith Alkali. 

The 127 grains of the above ester were slowly added to 430 c.c. 
of 20 per cent, methyl-alcoholic sodium hydroxide. Frothing took 
place, but the hydrolysis was not nearly so vigorous as in the case 
of the condensation product from ethyl malonate. The hydrolysis 
was completed by boiling for six hours on the water-bath, and the 
acetone methyl and ethyl alcohols were distilled off, the mass of 
sodium salt being extracted with ether (extract A) to remove any 
thioketone, and then acidified by the addition of 350 c.c. of con¬ 
centrated hydrochloric acid. An oil was precipitated, which was 
extracted three times with ether, the ethereal solution being dried 
and evaporated. The brown acid weighed 47 grams, and began to 
crystallise after remaining at 0 ® in a vacuum over phosphoric 
oxide. The acid was esterified by boiling for three hours with 
150 c.c. of alcohol and 15 c.c. of sulphuric acid, and yielded 
40 grams of ester, which gave 19 grams of a fraction boiling at 
184—192^/11 mm., mostly at 185°, and having n® 1*4699. The 
residual, viscous ester in the flaisk began to decompose on attempted 
distillation (Found: S —12*6. C 12 H 22 O 4 S requires S = 12*2 per 
cent.). On hydrolysis, the ester furnished y-thiodibutyric acid, 
identical with that obtained from ethyl malonate, as shown by a 
mixed melting-point determination. 

The methyl ester was prepared from the crude acid in order 
to obtain an ester with lower boiling point, and thus, so far as 
possible, to avoid decomposition on distillation. There was still, 

M* 2 
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however, a large amount of residual ester, which could not be 
distilled, and the yield of methyl ester was the same as that of the 
ethyl ester. Methyl y-thioclibiityrate boils at 170°/20 mm., has 
7/^0 1*4791, and is similar in properties to the ethyl ester: 

0*2465 gave 0*2497 BaSO^. 8-13*9. 

Ci(,Hjg 04 S requires 8—13*7 per cent. 

The ethereal extract (A) contained a small quantity of an oil 
with an odour not unlike peppermint. There was, however, in¬ 
sufficient of this by-product, })robably the thiodiketone, 
S(CHo-CHo-CO-CH3 ).,, 

for its examination. 

Two modifications of the ethyl acetoacetate condensation were 
tried. In the first case, no alcohol was used, the ethyl sodio- 
acetoacetate being in suspension and solution in benzene. In the 
second case, the sodium ethoxide was added to the dichloro-deriv- 
ative mixed with one-half the quantity of ethyl acetoacetate used 
in the preceding experiments. After remaining for three hours in 
the cold, when some salt was deposited, the remaining half of the 
ethyl acetoacetate was added, and the product worked up after 
remaining overnight. Ethyl y-thiodibutyrate alone was isolated. 
This confirms the common observation that the tendency to form 
the ring or open chain is not dependent on the relative amounts of 
the dihaloid and ethyl sodioacetoacetate. 

In these last two experiments, the condensation product was not 
distilled in a current of steam, and, with this excejition, was worke<l 
up as before. The only ester obtained, however, was ethyl y-thio- 
dibutyrate. 


The, Action of -Diehloroethyl Stdphhic on J^otfuainm Cyanide. 

In studying this reaction, care was taken to carry it out under 
conditions as anhydrous as possible, absolute alcohol being used in 
order to reduce the hydrolytic action of the potassium cyanide to 
a minimum. Thirty-five grams of finely })owdered potassium 
cyanide (about 30 per cent, excess) were mixed with 250 c.c. of 
absolute alcohol, and 25 c.c. of 0 j 8 '-dichloroethyl sulphide adde<l. 
No signs of a reaction were observed on shaking, but when the 
liquid was boiled, it soon turned brown, and white crusts, pre¬ 
sumably of potassium chloride, adhered to the sides of the flask. 
The boiling was continued with occasional shaking for seven hours, 
and, while still hot, the alcoholic solution was filtered from insoluble 
inorganic matter. The precipitate was extracted with boiling 
alcohol and filtered, the filtrates mixed, and most of the 
alcohol distilled off. On cooling, the residual liquid set to a brown, 
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oily mass, which was collected and crystallised from methyl alcohol. 
Small, brown crystals formed which, on recrystallisation from 
acetone and then from benzene, melted at 87—88°, although the 
crystals were still slightly brown. The substance was obtained in 
colourless, microscopic crystals, melting at 91—91-5°, by dissolving 
in benzene, precipitating, and repeating this procedure several 
times. 

The yield of this substance was poor, 25 c.c. (about 32 grams) of 
00'-dichloroethyl sul])hide furnishing 7 grams of the crude crystals 
melting at 87- 88°. Tt is very readily soluble in methyl and ethyl 
alcohols, acetone, or benzene, moderately so in chloroform, and 
sparingly so in colfl ether or light y)etroleurn. It is insolulde in 
water, non-volatile in steam, and is rapidly hydrolysed bv dilute 
boiling sodium hydroxide solution, ammonia being evolved in the 
]irocess. Tt is insufTiciently soluble in cold benzene or acetic acid 
for the molecular weight to be determined in these solvents by the 
cryoscopic method, and thus it became necessary to resort to 
naphthalene as a solvent, and also to the much less accurate ebullio- 
scopic method : 

0-1216 gave 0-2130 CO. and 0 0647 TT..O. C-47-8; H-5-9. 

0T152 ,, 13*9 c.c. N., at 15° and 757 mm. 14 1. 

0*3800 required 38*5 c.c. X/lO-NaOIT for hydrolysis. 

N(as NH.)- 14*2, 

0-2393 gave 0-5645 BaSO,. 8 32*4. 

0*376 in 17*83 naphthalene gave - 0-70°. Al.W. 206. 

The elevation of the boiling point of ethyl alcohol gave values 
for the molecular weight varying between 180 and 220. 

0,n,.,N.>S., requires 0-48*0; TT-6 0; K-140; 8-32 0 ])er 
cent. M.W.-200. 

On hydrolysis with dilute alkali, this nitrile was quantitatively 
convert.ed into the corresponding acid, which was suryjrisingly 
sparingly soluble in cold organic solvents, except methyl and ethyl 
alcohols. It was moderately soluble in boiling xylene, and very 
rapidly precipitated on cooling. When dissolved in hot water and 
the soiution cooled, the acid verv slowly crvstallised in ])early leaves 
which melted at 151—153°. This acid, like Y-thiodibutyric acid, 
was sparingly soluble in cold water: 

0T390 gave 0*2047 CO., and 0*0733 HoO. C=-40*2j H = 5*9. 

0*3733 „ 0*7175 BaSO^. S-26'4. 

0*1650 neutralised 13*9 c.c. X/lO-NaOH. Equiv.:-119. 

CgHjASo requires C = 40*3; H=:5*9; 8 = 26*9 per cent. 

Equiv. = 119. 

As already mentioned, it is possible that the acid has the con- 
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stitution COgH-CHg-CHg-S-CHg-CHg-S-CHg-CHg-CO^H, and it is 
hoped shortly to prepare an acid having the above formula. 

Since i3)8'-dicyanoethyl sulphide had not been isolated, the 
attempt to prepare a six-membered ring containing five carbon 
atoms and one sulphur atom was relinquished. 


1 : ^-Thiazan. 

A mixture of 32 c.c. of 0j3'-dichloroeihyl sulphide and 150 c.c. 
of freshly prepared 9 per cent, alcoholic ammonia was heat^ at 60° 
under pressure for four hours. . By that time a mass of colourless 
crystals had separated, and the reaction was completed by heating 
at 100° for a further four hours. The crystals were washed out 
with a little water, in which they were very readily soluble, excess 
of ammonia was expelled by warming on the water-bath, and the 
brown solution acidified by hydrochloric acid. This liquid was 
then distilled in a current of steam in order to drive off alcohol and 
any unchanged )3)3'-dichloroethyl sulphide. After cooling, the con¬ 
tents of the flask were rendered strongly alkaline by means of 
sodium hydroxide, and a small quantity of oil separated. The 
alkaline solution was extracted fourteen times with ether, the 
ethereal solution dried and evaporated, and the residual red oil 
(15 grams) distilled. About 9 grams of a fraction boiling at 
166—180°/758 mm. were collected, a large quantity of dark- 
coloured liquid being left in the distilling flask. On redistillation, 
5 grams of a colrurless liquid boiling at 168—170°/758 mm. were 
obtained. This was finally distilled over solid sodium hydroxide 
and boiled at 169°/758 mm. 

1: i-Thiazan, is a colourless liquid, miscible with water and 
organic solvents, and has an odour similar to, and yet more un¬ 
pleasant than, that of pyridine. It is a very strong base, fumes in 
acid vapours, and very rapidly absorbs carbon dioxide from the 
air. When a drop was placed on a watch-glass, a scum was formed 
on its surface in a few seconds, and in the course of twenty minutes 
a non-deliquescent, white mass was produced, which dissolved with 
effervescence in dilute hydrochloric acid. Thiazan reacts vigorously 
with potassium on gentle warming, and hydrogen and a yellowish- 
brown solid are produced. 

Thiazan boils at 169°/758 mm. and 166—167°/743 mm. It is 
noteworthy that this is slightly higher than the boiling point of 
the methyl derivative, namely, 163—164°/757 mm. (Clarke, loc. 
cit., p. 1586); 
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0*1261 gave 0*2195 COg and 0*0961 HgO. C = 47*5; H- 8 * 45 . 

0*1641 „ 18-7 c.c. at 11^ and 760 mm. N = 13’6. 

0-1378 „ 0-3077 BaS04. S = 30-7. 

C 4 H 9 NS requires C = 46'6; H = 8*7; N = 13‘6; S = 31-l per cent. 

The hydrochloride, C 4 H 9 NS,HC 1 , was obtained in white clusters 
of needles by adding a solution of hydrogen diloride in benzene to 
a benzene solution of thiazan until the mixture was only faintly 
basic. This procedure was adopted because passing hydrogen 
chloride into a benzene solution of thiazan resulted in the needles 
at first formed being changed by the excess of acid to a yellow oil, 
insoluble in the benzene. This oil, on heating, gave off hydrogen 
chloride, and then, on cooling, the crystalline hydrochloride was 
regenerated. Probably the sulphur atom had developed latent 
basic properties and had taken up hydrogen chloride. 

Thiazan hydrochloiide, after being washed with benzene and 
dried in a vacuum over phosphoric oxide, was obtained in colourless, 
deliquescent crystals, which softened at 145° and melted at 
160—165°: 

0*2174 required 15*5 c.c. A'/lO-AgNO^. Cl-25*3. 

0-2192 gave 17-5 c.c. No at 11° and 760 mm. N=:9-5. 

C 4 H 9 NS,HC 1 requires Cl = 25*45; N~ 10-0 per cent. 

The p^atinichJoride was prepared by adding platinic chloride 
solution to thiazan dissolved in dilute hydrochloric acid, and slowly 
separated as a yellow precipitate, amorphous even when seen under 
the microscope. The precipitate was collected after remaining 
overnight, well washed with water, alcohol, and ether, and dried in 
a vacuum over phosphoric oxide and then at 70° in an air-oven. 
When dried at 100°, the platinichloride darkens and loses weight, 
although it does not melt below 250°. Owing to its insolubility, it 
could not be obtained crystalline : 

0*1206 gave 0*0502 Pt. Pt=:41*6. 

C 4 H 9 NS,HCl,PtCl 4 requires Pt = 40*9 per cent. 

The jmrate is best produced by adding a dilute solution of picric 
acid in alcohol to an alcoholic solution of thiazan. In this way, 
blunt, pale orange needles are rapidly formed, which, after being 
washed with alcohol aud dried in a vacuum, are pure. If the base 
is added to the alcoholic solution of picric acid, the picrate is apt 
to separate at once as an amorphous, yellow precipitate, which is 
difficult to purify. The picrate is sparingly soluble in alc 6 hol, but 
fairly readily so in acetone, and melts and decomposes at 198°: 

0*3045 gave 0-2189 BaS 04 , 8 = 9*9. 

C4H9NS,C6H807N8 requires S = 9-6 per cent. 
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The picrolonate was prepared in a similar way to the picrate, 
and crystallised from alcohol in deep orange, short prisms. It 
darkened somewhat at 210°, and melted and decomposed to a very 
viscous liquid at 242°: 

0'2095 gave 0'1376 BaS 04 . S = 9‘0. 

C 4 H 9 NS,Ci,|Hg 05 Ni requires S = 8-7 per cent. 

The EthimUde, 

Ifc was thought of interest to see whether the sulphur atom in 
l:4-thiazan would develop its higher valency as easily as the 
nitrogen. It was noticed that when ethyl iodide was addefl to 
thiazan, a clear solution was formed, which rapidly became cloudy 
and, on keeping, deposited colourless crystals. The experiment was 
repeated by adding to thiazan a large excess of ethyl iodide mixed 
with an equal volume of alcohol, heating to boiling, and then allow¬ 
ing the mixture to remain in a desiccator overnight. A small 
quantity of colourless crystals separated, more being obtained on 
partial evaporation of the alcoholic solution. The substance wavS 
extremely soluble in water, moderately so in hot 90 per cent, alcohol, 
and sparingly so in cold absolute ethyl and methyl alcohols or in 
boiling pyridine. Other ordinary organic solvents had no appreci¬ 
able solvent action. The drie<l crystals darkened at about 230®, 
but did not melt below 2GO®: 

0*0608 gave 0*0553 Agl. I=.-49*l. 

C( 5 H, 4 NIS requires I “49*4 per cent. 

Only one molecule of ethyl iodide had therefore combined with 
one molecule of thiazan, the addition probably taking place at the 
nitrogen atom. 

The author desires to express his gratitude to Prof. W. TI. Perkin 
and Dr. E. Hope for the valuable advice he received from them in 
the course of this work. He also takes this opportunity of grate¬ 
fully acknowledging a grant awarded him by the Board of Scientific 
and Industrial Research. 

The Organic Chemical Laboratory, 

Oxford. [Rvccivedy February UHhy 1920.] 
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XXXVllL —Some Derivatives (f Fisetol. 

By William Kershaw Slater and Henry Stephen. 


Fisetol dimethyl ether (II) was first isolated byllerzig (Monatali 
1891, 12 , 187) by boiling the tetramethyl ether of fisetin (T) with 
alcoholic potassium hydroxide, the dimethyl ether of protocatechiiic 
acid being formed at the same time. 


O OMe 

-O”* +2H.0 

CO 


(I-) 


OMe 

MeO,/ \OH ^ rinTjY~\nM 

jcO*CH„*OMe ^ .OMe 


( 11 .) 


Ill a similar way, the tetraethyl ether of fisetin was found to 
give fisetol diethyl ether corresponding with II. At the present 
time, no fisetol derivatives of the tyjie containing a free hydroxyl 
group in the (^-position are known with certainty, and co-hydroxy- 
resacetophenone (fisetol) (III), which possesses such a group, has 
not yet been describe<l, 

Tambor and Du Bois (/Icr.. 1918, 51 , 748), however, claim to 
have isolated <o - ‘J - dihydroxy - 4 -methoxyacetojihenoiie (fisetol 
4-methyl ether) (IV) from w-bromoresacetophenone 4-methyl ether 
by conversion into the diacetate and subsequent hydrolysis of the 
latter. 

HoYYoH Meo/YoH 

l^yCO-CH,-OH l^yCO-CHj-OH 

(III.) ' (IV.) 

Ronn (//cr., 1919, 62 , [71], 923) has cast some doubt on this 
result, and states that the jiroduct obtained by the action of acetic 
anhydride and sodium acetate on the corresponding oi-chloro- 
resacetophenone 4-methyl ether in the manner described by Tambor 
and Du Bois is the diacetate of 5-methoxycumaran-2-one. Auwers 
and Pohl (AnnnJen^ 1914, 405 , 243) also obtained 5-methoxy- 
cumaran-2-one from the above chloro-compound by the action of 
hydrated vsodium acetate in alcoholic solution. 

It seems probable, also, that fisetol and derivatives of it contain¬ 
ing a free hydroxyl group in the w-positioii will resemble the parent 
substance, to-hydroxy acetophenone (benzoylcarbinol). which is 
easily decompos^ by warming in dilute acid or alkaline solutions. 
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This is shown also by Herzig's attempt to obtain fisetol by 
demethylation of the dimethyl ether (II) by treatment with 
hydqodic add, which only resulted in the formation of tarry 
matter. 

Difficulties originating from the above statements have been 
experienced in the present work, the object of which was an 
investigation of the synthesis of fisetol derivatives by a general 
method of preparation. 

The method depends on the synthesis of aromatic ketones devised 
by Hoesch (j8er., 1915, 48 , 1122), which is an extension of Gatter- 
mann’s synthesis of aromatic aldehydes. Hoesch has shown that 
the condensation of a nitrile with a phenolic compound leads to 
the formation of a ketimine of the type CRR'INH,HC1, which is 
easily hydrolysed to give the ketone, R*CO*R'. By condensing 
resorcinol with hydroxy acetonitrile, 5-hydroxycumaran-2-one (V) is 
formed, and not fisetolj as would be expected. This fact imposes 
a limitation on the method, and from our experiments it appears 
that the method is limited by the presence of hydroxyl groups in 
the ortho- and w-positions in the fisetol derivative formed in the 
reaction, a compound containing such groups being easily converted 
into the corresponding cumaran-2-one, as follows: 


H0/\0H 


-HgO 

- 



On the other hand, methoxyacetonitrile and resorcinol yield the 
stable fisetol derivative io-methoxyresacetophenone (VI). Phloro- 
glucinol, on treatment with the same nitriles, gave 3:5-dihydroxy- 
cumaran-2-one (VII) and ^'A'.Q-irihydroxy-io-methoxyacetopheti- 


0 



OH 

(VIII.) (IX.) 


one (VIII) respectively. Acetaldehydecyanohydrin resembles 
hydroxyacetonitrile in its behaviour on condensation with 
refiorcinol, yielding b-hydroxyA-methyl<mma/ranr2-one (IX). 
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In carrying out the condensations, it was found that the presence 
of zinc chloride, as recommended by Hoesch, could be dispensed 
with, and it was only necessary to pass hydrogen chloride into a 
solution of methoxyacetonitrile and resorcinol in dry ether in order 
t/O bring about the formation of the crystalline ketimine hydro¬ 
chloride, but the separation of the latter is only complete after the 
mixture has been allowed to remain for about five days in a 
refrigerator. 

The condensations in which hydroxyacetonitrile and acetr 
aldehydecyanohydrin were employed gave better results in the 
presence of zinc chloride, but the latter tends to cause decomposi¬ 
tion during the isolation of the product unless considerable care is 
exercised. With reference to Hoesch’s method, the preparation of 
resacetophenone has been repeated, using only resorcinol and aceto¬ 
nitrile in dry ether, and treating the resulting solution with dry 
hydrogen chloride. After remaining for five days in a refrigerator, 
the ketimine hydrochloride was decomposed in the usual way, and 
94 per cent, of the theoretical yield of resacetophenone was 
obtained. Resorcinol dimethyl ether was found to give poor yields 
of 2:4-diraethoxyacetophenone, but these were much improved by 
the addition of zinc chloride to the mixture after treatment with 
hydrogen chloride, and then allowing to remain at the ordinary 
temperature for several days. 

The following substances have been prepared in addition to those 
previously mentioned, and are described in a later part of the 
paper: 2-hydroxy-o)-4-dimethoxy acetophenone (fisetol dimethyl 
ether) (X), a>-2 :4-trimethoxyacetophenone (fisetol trimethyl ether) 
(XI), 5-methoxycumaran-2-one (XII), and 5-methoxy-l-methyl- 
cumaran~2-one (XIII). 



(XII.) (XIII.) 


The condensations of resorcinol dimethyl ether with hydroxy¬ 
acetonitrile and acetaldehydecyanohydrin, respectively, yielded pro- 
ducts which were not isolated in a pure condition. The ketimine 
which was formed in each case, on treatment with water and warm- 
ing, gave a white solid, which easily decomposed on concentrating 
the solution to obtain a further quantity of material. The amounts 
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obtained were in each case too small for further investigation, but 
the properties of each substance closely resembled those of the 
corresponding o-hydroxyacetophenone, and hence probably con¬ 
sisted of tii-hydroxy-^ 'A-dimetlioxyaceio'phenone. (XIV) and 2:4-di- 
methoxyphenyl a-hydroxyethyl ketone (XV). A brief description 
of the former only is given in the present paper, and both sub¬ 
stances are being further investigated. 


MeO/NoMe 

MeO/NoMe 

JcO-CHj-OH 

(XIV.) 

1 ICO-OHMe-OH 

(XV.) 


Experimental. 

Hydroxyacet(ynitrUe^ IIO*(-H2’CN. 

The method described by Polstorff and Meyer (/f^r., 1912, 46, 
1911) for the preparation of hydroxyacetxDiiitrile has been modified 
by substituting })araformaldehyde in }>lace of commercial form¬ 
aldehyde solution. 

Potassium cyanide (32*5 grams:! mol.) was dissolved in water 
(100 C.C.), and paraformaldehyde (15 grams) added in small por¬ 
tions, the temperature of the solution being inaintaine<i between 
0° and 5°. The paraformaldehyde dissolved, and, after the requi¬ 
site amount had been added, the clear solution was allowed to 
remain for one hour. The odour of fonnaldehyde had entirely 
disappeared by this time, the solution being then treater! accord¬ 
ing to the method described by Polstorff and Meyer. Hydroxy- 
acetonitrile was subsequently extracted from the aqueous solution 
by continuous extraction with ether in an apparatus designed for 
the purpose. The ethereal solution was dried with anhydrous 
sodium sulphate, two-thirds of the ether removed by distillation 
from a water-bath, and the remainder evaporated under diminished 
pressure. Slight decomposition takes place if the whole of the 
ether is removed on the water-bath. Pure hydroxyacetonitrile 
(29 grams) was obtained, which distilled at 102*^/14 mm. 

Methoxyaceto'nitrile, MeO*CH2*CN. 

Hydroxyacetonitrile, prepared as described above, was methyl¬ 
ated by means of methyl sulphate according to the conditions given 
by Polstorff and Meyer (loc, idt.). The product boiled at 120°, 
and the yield from 15 grams of formaldehyde was 27 grams of the 
pure substance. 

ui-Methoxyresacetophenone (Finetol Methyl Ether) (VI). 

Resorcinol (6*5 grams :1 mol.) was dissolved in ether which had 
been previously dried (60 o.c.), and methoxyacetonitrile (5 grams: 
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1 mol.) added. A current of dry hydrogen chloride was pavssed 
through the solution for two hours, which was then allowed to 
remain overnight. A yellow, crystalline mass separated, consist¬ 
ing of the hydrochloride of the ketimine, and it was found in later 
experiments that the yield of this substance is increased by keep¬ 
ing the mixture for about five days in a refrigerator. The ether 
was poured off from the crystals, and the latter were washed twice 
with small quantities of dry ether and then dissolved in methyl 
alcohol, from which the ketimine hydrochloride separated as a 
fine, white, crystalline mass melting and decomposing at 205--207°: 

0*1583 gave 9*2 c.c. N., (moist) at 17^ and 753 mm. N = 6'67. 

C 9 nijO-{NJIC! requires N“G'45 per cent. 

The hydrochloride of the ketimine was dissolved in water and 
the solution warmed at 80° for half an hour, the colour changing 
to a claret-red ; further heating caused a darkening of the solu¬ 
tion with sejiaration of tarry matte^r. At the end of the prescribed 
time, the solution was cooled, when a mass of crvstals separated, 
and, after fdtenng and drying, the yield amounted to 8 grams, or 
about 70 ])er cent, of the theoretical. The substance crystallised 
from hot water in plates possessing a nacreous lustre, and melted 
at 136°. It is readily soluble in methyl or ethyl alcohols, ether, 
or benzene, and insoluble in light petroleum. With ferric chloride 
it gives a dec]) violet coloration, and reduces Fehling’s solution, with 
the formation of a copper mirror. Tollens’s reagent is also immedi¬ 
ately reiluced, with the precipitation of metallic silver: 

0 1234 gave 0 2712 CO,> and 0 0647 n.,0. C-59*98; Hr. 5*82. 

requires C=-59*91 ; 11 — 5*5 per cent. 

The was obtained! by adding a solution 

of p-nitrophenylliydrazine in dilute acetic acid to an aqueous solu¬ 
tion of w-mcthoxyresacetophenone. The hydrazone soon separated 
as a flocculent, yellow mass, which was immediately collected, and. 
after crystallisation from hot water containing a little ethyl alcohol, 
it melted and decomposer! at 205°. On remaining in the air for 
several days, it becomes brick-red: 

0*1596 gave 18*2 c.c. N., (moist) at 19° and 769 mm. N = 13'4. 

Cj5njr,0.-N^ requires N = 13*25 per cent. 

2-Hy(h'OTi/-^-A-(Hmeihopr^faccfophenane (X). 

By methylating 1-8 grams of the compound described above with 
1*2 grams (1 mol.) of methyl sulphate in 10 c.c. of 5 per cent, 
sodium hydroxide solution and keeping the solution cold in ice- 
water, acidifying with dilute hydrochloric acid, and concentrating, 
1*6 grams of the monomethyl ether were obtained. After crystal- 
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lising from dilute alcohol, it was deposited in clusters of fine needles 
melting at 66^. There was no trace of the isomeric 4-hydroxy-a)-2- 
dimethoxyacetophenone. 

A similar case has been observed by Hoesch (loc. cit.)j who found 
that, on methylating resacetophenone with one molecular propor¬ 
tion of methyl sulphate, a quantitative yield of paeonol was 
obtained. 2-Hydroxy-o)-4-dimethoxyacetephenone was also obtained 
in the following manner. 

Resorcinol monomethyl ether (3*2 grams:1 mol.) and methoxy- 
acetonitrile (2*5 grams: 1 mol.) were dissolved in dry ether (25 c.c.), 
and the solution was treated with a rapid stream of hydrogen 
chloride for one hour. Zinc chloride (1 gram) was now addexl, and 
the mixture allowed to remain for three days. A red oil separated, 
from which the ether was decanted, and the oil was washed twice 
with small quantities of ether. On treatment with water, it dis¬ 
solved, and on warming the solution, small^ colourless needles soon 
deposited. These were collected and dried, and found to be 
identical with the substance prepared by methylation, as above. 
After crystallisation from methyl alcohol, the substance melted at 
66°, which in both cases agrees with that found by Herzig (lor. 
cit.). 

( 0 - 2 : 4:-Trimethoxi/acetophev^ne (XI). 

This compound was prepared according to the method vstated by 
Herzig, by methylating the substance just described with methyl 
iodide and potassium hydroxide solution, and crystallised from 
alcohol in fine, silky needles melting at 61—62°. Methylation of 
<o-methoxyresacetophenone with two molecular proportions of 
methyl sulphate at 60° for eight hours produces the same sub¬ 
stance, which separates from the alkaline solution. A higher 
temperature during the methylation causes much decomposition, 
with the formation of tarry material. 

We have succeeded in preparing the above substance by con¬ 
densing resorcinol dimethyl ether with methoxyacetonitrile. The 
process is similar to that already described. The yield, however, 
is poor: 5 grams of the dimethyl ether and 2*5 grams of the nitrile 
gave 1*4 grams of the product, that is, about 16 per cent, of the 
theoretical. 

5-Hydroxycumaranr-2-one (V). 

This substance was prepared by treating 3 grams (1 mol.) of 
hydroxyacetonitrile and 6*5 grams (1 mol.) of resorcinol dissolved 
in 30 c.c. of dry ether to which a little zinc chloride was added. 
On passing a current of dry hydrogen chloride through the solu¬ 
tion, a crystalline deposit separate after fifteen minutes, and 
after twenty-four hours the mixture was treated in the usual way. 
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The product, after crystallisation from hot water, in which it is 
sparingly soluble, was obtained in thin plates, which melted and 
decomposed at 240®, and gave no coloration with ferric chloride. 
(Found: C = 63*74,• H = 4 06. CgH^Og requires C = 64*0; 4*0 per 

cent.). The compound has already been described by Briihl and 
Friedlander {Ber.y 1897, 30, 299). It reduces Fehling’s solution in 
the cold, and with Tollens’s reagent gives a silver mirror on 
warming. 

On treatment with acetyl chloride (1 mol.), the acetyl compound 
was produced, which crystallised from dilute alcohol in leaves melt¬ 
ing at 81®. 

l^-Meihoxyciiwara7i-2~orte (XII). 

All aitemptvS to methylate 5-hydroxycumaran-2-one were un¬ 
successful, the action of methyl sulphate and of methyl iodide in 
alkaline solution producing a viscid, resinous mass. It was 
ultimately prepared by condensing resorcinol monomethyl ether 
with hydroxyacetonitrile, and was the only product isolated from 
the reaction. No trace of a)-4-dihydroxy-2-methoxyre8acetophenone 
was found in the aqueous solution after the separation of 
5-methoxycumaran-2-one, and rather less than a gram of the latter 
was obtained from 4 grams (1 mol.) of the ether and 2'5 grams 
(1 mol.) of nitrile. It crystallises from hot alcohol in pale straw- 
coloured needles melting at 120®, and has been fully described by 
Blom and Tambor (Ber., 1905, 38, 3589), Auwers and Pohl 
(Ann^len^ 1914, 406, 264), and Sonn (loc. cit.). 

io-HydrQTy-2 : A dimefhoxyaxetophenone (XIV). 

The condensation of hydroxyacetonitrile with resorcinol dimethyl 
ether acco^^ding to IJoesch's method gave a crystalline deposit when 
hydrogen chloride was passed into an ethereal solution of the two 
compounds. The deposit was dissolved in water, the solution 
concentrated by warming on the water-bath for a quarter of an 
hour, and finally by allowing to remain in a desiccator for two 
days. A fine, yellow, crystalline substance was deposited which, 
after being collected, was found to be only sparingly soluble in 
water, but readily so in alcohol. The dilute aqueous solution 
reduced Fehling's solution in the cold, giving cuprous oxide, and 
Tollens’s reagent gave a precipitate of metallic silver. On boiling 
the substance with water, it appeared to be volatile in steam, a 
crystalline deposit being observed on the cool sides of the tube. 
On prolonged boiling (about five minutes), decomposition took place, 
with the formation of an oily scum. This decomposition occurred 
almost immediately i» the presence of hydrochloric add or sodium 
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hydroxide. The purest sample of the compound obtained melted 
and decomposed at 127—129°, but there was insufficient for an 
analysis. 

2:4: ^-Trihydrojrf/-tji-v}etho.rijacctopheiione (VIII). 

This substance was readily obtained from the condensation of 
methoxyacetonitrile and anhydrous phloroglucinol in the usual way. 
The intermediate ketimine hydrochloride was isolated as a white, 
crystalline powder after crystallisation from methyl alcohol, wdiich 
decomposed without melting between 238° and 241°. On boiling 
it with water, a clear solution was obtained, from which fine, silky 
needles separated on cooling. These were collected and recrystal¬ 
lised from hot water, and after drying in the air for several days 
assumed a pink tinge and appeared to effloresce. A sample dried 
at 100° melted at 192°, and its aqueous solution gave a violet 
coloration with ferric chloride: 

0 1288 gave 0-2355 CO,> and 0*0681 IL>0. (.^--49-87 ; H -:5'89. 

CpHjoOd requires C = 50*0; H-5-6 per cent. 

0*2451, on heating at 100° for two hours, lost 0*0203. 8 0. 

C 9 HiQOr,,H.jO requires H.jO = 8'3 per cent. 

On treatment with ^Miitrophenylhydrazine in dilute acetic acid 
solution, a pale yellow, flocculent precipitate was obtained, which 
rapidly darkened in colour, finally assuming a chocolate-brown, and 
it was apparent that oxidation had taken place. The hydrazone 
was not obtained in a condition of sufficient purity for a melting- 
point determination or analysis. 

Methylation of the above trihydroxy-compound wdth methyl 
sulphate gave w-2 :4 :6-tetramethoxyacetophenone, which has been 
described by Herzig and Hofmann (Ber., 1909, 42, 155), who 
obtained it by methylating 6-hydroxy-();>-2:4-trimethoxyacetophen- 
one, the latter being isolated as a decomposition product from the 
action of alcoholic potassium hydroxide on the pentamethyl ether 
of morin. 

The trihydroxy-compound (1*5 grams) was dissolved in 20 c.c. 
of sodium hydroxide solution containing 2 grams (6 mols.) of 
sodium hydroxide, and 4*2 grams (3*5 mols.) of methyl sulphate 
were added with vigorous stirring, rise in temperature being 
avoided. An oil soon separated, and, on cooling in ice-water, 
solidified to a pasty, crystalline mass, which was well drained. 
After crystallisation from methyl alcohol, the pure substance melted 
at 50°, and gave no coloration with ferric chloride (Found: 
C=59*86; H = 6‘81. requires C~60*0; H=a^6‘66 per 

wnt.). 
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3 : h-J)ih(/dro,ry(:ntnuran-2-one (VII). 

This substance has already been described by Sonii 1917, 

50 , 12G5). As previously stated, the same substance was prepared 
by the condensation of anhydrous phloroglucinol with hydroxy- 
acetonitrile. The ketimine hydrochloride which separated during 
the reaction was dissolved in water, and the solution wanned on 
the water-bath for half an hour. On cooling the red-coloured solu¬ 
tion, crystals soon deposited, which, after being collected and 
washed with a little light petroleum, were only faintly red, and 
on crystallisation from hot w'ater the pure substance was obtained 
in colourless plates, melting at 248° to a dark red liquid. An 
aqueous solution of the substance gave a j)urple coloration with 
ferric chloride. 

The diacetyl com})ound was prepared by treating the substance 
with a few drops of pyridine, and then adding a slight excess of 
acetyl chloride. The mixture was warmed on the water-])ath for 
one minute and then treated with water, and the oil which 
separated soon solidified. After crystallising the solid from methyl 
alcohol, it melted at 122°, and consisted of small, prismatic needles. 

5 - 1/ i/d rou ’ // -\-jnet h y I cu m a ra n-2-one (IX). 

Resorcinol (5*G grams: 1 mol.) was dissolved in dry ether (25 c.c.), 
acetaldehydecyanohydrin (3’3 grams:! mol.) added, and a current 
of dry hydrogen chloride j)assed into the solution for three hours. 
The ketimine hydrochloride separated during the j)rocess, and the 
(piantity was increased by allowing the mixture to remain in a 
re>frigerator for several days. The pale red, crystalline mass 
(about 8*5 grams) was dissolved in ice-water, and the solution care¬ 
fully neutraliseil with solid sodium hydrogen carbonate, when the 
ketimine was precipitated as a pale yellow solid (6 grams): 

0 1490 gave 10*4 c.c. N., (moist) at 18° and 750 mm. N“8'15. 

recjuires N~8-58 per cent. 

The ketimine was soluble in water or sodium hydroxide solution 
on wanning, and in both cases the solutions became deep red, and 
ammonia was simultaneously evolved. The aqueous solution, on 
cooling, deposited a straw-coloured, crystalline powder, which 
proved to be 5-hydroxy-l-methylcumaran-2-one. The base is 
soluble in hot methyl or ethyl alcohols, and crystallises from the 
latter in faintly yellow, small prisms melting at 152°. It is in¬ 
soluble in benzene and sparingly soluble in ethyl acetate or acetone. 
Attempts to prepare a platinum salt were not successful, and 
resulted in the formation of tarry material, probably caused by 
oxidation. 
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The aqueous solution reduces Pehling^s solution and Tollens’s 
reagent. 

As stated above, on boiling the aqueous solution of the ketimine, 
the corresponding cumaranone derivative was obtained, which 
crystallised from hot alcohol in prisms. The latter are sparingly 
soluble in hot water, soluble in sodium hydroxide solution, giving 
a yellow coloration, and also in hydrochloric acid, producing a 
deep red colour. The substance begins to decompose at 233*^ and 
melts and decomposes completely at 238—240^. 

The aqueous solution of the cumaranone reduces silver nitrate 
solution, with the deposition of a silver mirror, and Fehling’s solu¬ 
tion is reduced on gentle warming, a precipitate of cuprous oxide 
being produced: 

0-1160 gave 0 2800 CO^ and 0*0514 HgO. C = 65-80; H-^-4-92. 
CgHgOg requires C = 65*85; H = 4‘87 per cent. 

Methylation of the above compound with methyl sulphate was 
unsuccessful, and resulted in the formation of a dark-coloured oil, 
which was difficult to purify. 

b‘MethoxyA-methylcwmarm-2-one (XIII). 

Auwers and Miiller {Ber., 1917, 50, 1172) have already described 
the properties of this compound, but the following method of pre¬ 
paration of it is different from that employed by these investi¬ 
gators. Resorcinol monomethyl ether (2-5 grams:1 mol.) and 
acetaldehydecyanohydrin (1*5 grams:! mol.) were treated with 
hydrogen chloride in dry ethereal solution. At the end of an 
hour, 0*5 gram of zinc chloride was added, and the mixture allowecl 
to remain at the ordinary temperature for two days. A red oil 
separated from the ether, and the latter was then decanted and 
the oil washed several times with small quantities of dry ether. 
On pouring into water, a clear solution was obtained, which, how¬ 
ever, became cloudy on warming and a colourless oil separated. 
This solidified on cooling, and the solid crystallised from methyl 
alcohol in long, thin needles melting at 60°. 

The present investigation is being continued on similar lines, 
and in concluding this paper we desire to thank Prof. Lapworth 
for the interest he has taken in the work, and also for placing 
various materials at our disposal. 

The Chemical Laboratobies, 

The University, 

Manchester. [Received, February 6th, 1920.] 




WINTER AND BAKER I THE EFFECT OF HEATING, ETC. 319 


XXXIX .—The Effect of Heating on the Absorptive 
Power of Sugar-charcoal for Sulphur Dioxide, 

By IiAM8A.Y Middleton Winter and Herbert Brereton Baker. 

During the later stages of the war the absorptive power of charcoal 
for poisonous gases and lachrymatory vapours was of the greatest 
importance. In the earlier types of box respirators animal-charcoal 
was employed, but when the use of this type of respirator was 
extended to all troops, it became necessary to investigate other kinds 
of charcoal, of which an unlimited amount would be available. 
Experiments carried on at the Imperial College, chiefly by Prof. 
Philip, showed that, contrary to the earlier belief, wood-charcoal 
which had been subjected to long-continued heating gained so much 
in absorptive power that, in this respect, it was in no way inferior 
to animal-charcoal. 

It was thought worth while to investigate this question further, 
using the purest charcoal obtainable, and incidentally to find out 
whether this increase in absorptive power was associated with any 
other changes in the physical properties of the charcoal. 

The sugar-charcoal w^as prepared by heating the finest crystallised 
sugar until no fumes or odour w^ere perceptible. After roughly 
powdering the mass, it was placed in a hard-glass flask, in which it 
was heated in a vacuum. Chlorine was then admitted and allowed 
to remain all night. The flask was next heated to redness for half 
an hour, a vacuum being maintained in it by means of a good 
w^ater-pump. The charcoal on boiling with water gave no indica¬ 
tion of the presence of chlorine or hydrochloric add. It was heated 
in a muffle furnace for half an hour, powdered, and sieved. The 
particles between 0'4 and 0’8 mm. in diameter were used in the 
experiments. 

The ash from different samples showed a very uniform percent¬ 
age, 0T13 being the mean value. 

Specific Gravity of the Charcoal ,—The material which had 
been heated to about 900® in a muffle furnace for four hours had a 
spedfic gravity of 1*76, mean of six samples. 

That which had been heated for forty hours had a specific 
gravity of 1-84, mean of two samples. 

Absorptive Fotver of the Charcoal ,—Sulphur dioxide was 
chosen for the first experiments, since the gas is easily obtained in 
a fairly pure state from the liquefied substance, and also because the 
amount absorbed is very considerable. 

The gas was contained in a gas-burette over mercury, which, with 
its accompanying barometer tube, was surrounded by a jacket 
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through which water at a constant temperature was circulated. 
Sealed on to its exit-tube a long capillary tube communicated, by 
means of a mercury-protected ground joint, with the thick hard- 
glass bulb in which the charcoal was placed. It was found impos¬ 
sible to weigh the charcoal in an open weighing tube, so rapid was 
its absorption of water vapour from the air. No lubricator was used 
for the ground joint. By means of a screw clamp on each side the 
parts of the joint were kept in close contact, and no leakage 
occurred when, as sometimes happened, there was a considerable 
internal pressure. Before admitting the sulphur dioxide, the bulb 
containing the weighed charcoal was exhausted by means of a 
Gaede pump, and heated to redness for two hours. It was then 
cooled in a bath containing melting ice, the same water, at 0*^, 
being circulated through the jacket of the gas-burette. The latter, 
which had a volume of about 100 c.c., had been carefully calibrated, 
and the volume of the bulb had been determined by weighing its 
volume of mercury. It was feared that the volume of the bulb 
might change on heating when exhausted. This was not found to 
be the case when the bulb was of sufficient thickness. 

On admission of the sulphur dioxide the absorption was very 
rapid for the first hour. It then became extremely slow, but in 
seventy-two hours no further absorption could be measured. The 
results obtained were, with 1 gram of charcoal which had been 
heated previously for the times stated: 


Hours . 4 40 42^ 45 J 

C.c. 97 195 241 288 


Saussure {Aim. Physik. [Gilbert], 1814, 47, 113) found that one 
volume of charcoal of sp. gr. 1*57 absorbed sixty-five volumes of 
sulphur dioxide, or 1 gram of charcoal absorbed 38 c.c. of sulphur 
dioxide. 

Favre {Ann. Chlrn. Phys.^ 1871, [iv], 24 , 247), with charcoal of 
the same specific gravity, found that 1 gram absorbed 105 c.c. of 
the gas. 

Conclusion. 

Charcoal, in a very pure form, has its specific gravity increased 
by forty hours' heating to 900° from 1*76 to 1*84. By the same 
treatment the amount of sulphur dioxide absorbed is increased from 
97 c.c. to 288 c.c. 

It is proposed to extend this investigation to the cases of other 
gases, and also to find if other physical properties of charcoal are 
affected by prolonged heating. 

Imbebial College, 

London. [Eeevived, March 3rd. 1920.] 
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XL .—Compounds of Thiocyanates of certain Bivalent 
Metals and Hydrazine. 

By Priyadaranjan Ray and Pulin Vihari Sarkar. 

It has already been shown (Cnrtius and Schrader, J. pr. Chem.y 
1894, [ii], 50, 311; Hofmann and Marburg, Ber.^ 1897, 30, 2019; 
Franzen and Mayer, Zeitsch. anorg. Chem.y 1909, 60, 247; Franzen 
and Lucking, ihid,^ 1911, 70, 145) that hydrazine gives compounds 
with various metallic salts similar to those formed by ammonia, 
and in the present paper compounds of hydrazine with the thio¬ 
cyanates of nickel, cobalt, zinc, cadmium, and manganese are 
described. These compounds are closely related as regards their 
chemical and physical properties. They are all sparingly soluble 
in water, the nickel compound being the least soluble. Hence 
they have all been prepared by the addition of an ammoniacal 
hydrazine sulphate solution to the solution of any of the metallic 
salts in the presence of sufficient ammonium thiocyanate. The 
nickel and cobalt compounds possess very characteristic colours. 
They are all crystalline, and, with the exception of the nickel com¬ 
pound, all are decomposed by hot water into the corresponding 
metallic hydroxides; the manganese compound is immediately 
decomposed even by cold water, but in the presence of sufficient 
ammonium thiocyanate solution and hydrazine they can be pre¬ 
served in cold water without any decomposition for a long time, air 
being carefully excluded in the case of the manganese compound. 
The nickel salt is very stable, and is not decomposed by boiling 
with water for a long time or by heating at 150° in the dry state. 
Cobalt stands next to nickel as regards stability. Judging from 
the marked change in the solubility of these compounds, and in the 
colour of the nickel and cobalt compounds, from those of their 
constituents, both the thiocyanates of the above metals and hydr¬ 
azine being freely soluble in water, it can be safely asserted that 
complex ions are formed, and this has been conclusively proved by 
determining the conductivity of the nickel compound. The mole¬ 
cular conductivity was found to be 210 4, a value which indicates 
the presence of three ions and closely approaches those determined 
by Werner and Miolati (Zeitsch. physikal. Chem., 1893, 12, 34; 
1894, 14, 606) for complex ammonia salts of platinum, cobalt, and 
chromium. The values obtained by them for the molecular con¬ 
ductivity of those salts which yield two free ions in addition to 
the complex ion range from 234*4 to 267 6. The composition and 
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constitution of these compounds are therefore represented by the 
general formulae R(SON) 2 , 2 N 2 H 4 and [R(N 2 H 4 ) 2 ]-(SCN)' 2 , where 
R stands for Ni, Co, Zn, Cd, or Mn. 

Exper imental. 

Compound of Nickel Thiocyanate and Hydrazine, —A solution of 
nickel sulphate was mixed with a concentrated solution of 
ammonium thiocyanate, and an ammoniacal solution of hydrazine 
sulphate was added. A voluminous violet-blue powder was pre¬ 
cipitated, which was washed with water and dried in a vacuum. 
The substance is crystalline and very sparingly soluble in water, 
100 grams dissolving 0 079 gram at 30°. It is not appreciably 
changed by cold dilute ammonia or acids, but on heating with the 
latter it decomposes and passes into solution, and with hot ammonia 
it becomes soluble, forming the blue nickel-ammonia cation : 

0-1631 gave 0 0512 NiO. Ni = 24-7. 

0*1097 „ (after oxidation with bromine) 0*2150 BaS 04 . 

S = 26*9. 

0*0263, on treatment with alkaline ferricyanide (Ray and Sen, 
Zeitsch, anorg, Ghem.f 1912, 76, 380), gave 5*8 c.c. N 2 at 
30° and 753*6 mm. N 2 H 4 = 26*9. 

Ni(SCN)2,2N2H4 requires Ni = 24*6; S = 26*85; NoH 4 = 26*85 per 

cent. 

A solution of the substance in conductivity water was obtained 
by shaking for several hours at 24*5°. The resistance was found 
to be 1600 ohms. The strength of the solution was 0*0128 per 
cent., the cell constant 0*169, and hence the molecular con¬ 
ductivity =210*4 at 24*5°. 

Compound of Cohalt Thiocyanate and Hydrazine. —A solution of 
cobalt chloride was employed, and the same procedure was followed 
as in the case of the nickel compound. A voluminous, 6esh- 
coloured powder was precipitated, which was washed with aqueous 
alcohol, then with absolute alcohol, and dried in a vacuum. The 
dry substance is fairly stable, decomposing at about 150° into 
black cobalt oxide. On heating with water, the substance decom¬ 
poses, with the formation of cobaltous hydroxide. It is soluble 
both in dilute ammonia and dilute acids: 

0-2511 gave 0*0623 Co. Co=24*8. 

0*1446 „ 0*2817 BaS04. 8=26*74. 

0*0239 „ 5*3 c.c. N 2 at 30° and 750*06 mm. N 2 H 4 = 26*9. 

Co( 8CN)2,2N2H4 requires Co=24*7; 8 = 26*8; N2H4,=i26*8 per cent. 

Compound of Cadmium Thiocyanate and Hydrazine .— A conc^- 
trated solution of cadmium chloride was employed, and the same 
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procedure was followed as described above. A white, crystalline 
precipitate was obtained, which was collected, washed with alcohol, 
and dried in a vacuum. The substance decomposes into cadmium 
hydroxide on heating with water. It is soluble in dilute ammonia 
or dilute acids: 

0-0563 gave 0 0404 CdS 04 . Cd = 38-6. 

0*1346 „ 0-2V3d BaS04. S = 21*81. 

0*0541 „ 9*7 c.c. No at 30^ and 757*9 mm. N2H4=:22 05. 

Cd(SCN)2,2NoH4 requir^ S = 21*9; N 2 H 4 = 21*9 per 

cent. 

Compound of Zinc Thiocyanate and Hydrazine .—The same 
method of preparation was followed with a concentrated solution 
of zinc chloride. A white, crystalline precipitate was obtained, 
which was washed with alcohol and dried in a vacuum. On heat¬ 
ing with water, the substance decomposes into zinc hydroxide. It 
is stable in the dry state, and soluble in dilute ammonia or dilute 
adds: 

0*1520 (after oxidation with bromine and subsequent precipita¬ 
tion as basic carbonate) gave 0*0511 ZnO. Zn = 26*96. 

0*0584 gave 0*1114 BaS 04 . 8 = 26*17. 

0*0342 „ 7 c.c. N 2 at 27® and 760*5 mm. N 2 ll 4 = 25*7. 

Zn(SCN)2,2N2H4 requires Zn = 26*65; 8 = 26*1; N 2 H 4 = 261 per 

cent. 

Compound of Manganese Thiocyanate and Hydrazine. —A con¬ 
centrated solution of manganese chloride was employed. The sub¬ 
stance was obtained as a white, crystalline precipitate, which was 
washed with absolute alcohol and dried in a vacj^unj. It readily 
decomposes on contact with cold water, with, the forpiation of 
brown, manganic hydroxide. In the dry state, the substance is 
fairly stable. It is soluble in dilute acids,,and de^.mposes in the 
presence of dilute ammonia into manganic hyd^^coxide: 

0*1408 gave 0*0909 MnS 04 . Mn = 23*52. 

0*1309 0*2542 BaS04. 8 = 26*66. ..... ... 

0*0336 „ 7*25 c c. N 2 at 28® and 761’7iiinin. N 2 H [4 = 2719. 

Mn(SCN)2,2N2H4 requires Mn = 23*43; S»s537*'5; N2BE4'=27‘2 per 

cent. * ‘ iil ; 

■ {> 1 i 

Our best thanks are due to Prof. Sir P- <9- '^^55for his kind 
encouragement. 

Chkmioal Labobxtoby, 

CoXXBGB of SonBKOB, 

CAiiOinrrA. 


[BeceftMd, 3r«{, 1920.] 
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XLL —Some Condensations of n-Butyl Alcohol and 
U-Butaldehyde. 

By Charles Weizhann and Stanley Fred^srick Garrard. 

fi.-BuTYL ALCOHOL and w-butaldehyde are substanoee on which little 
work has been done beyond the preparation of the ordinary deriv¬ 
atives'and the elucidation of their general properties. 

n-Butyl alcohol is now, however, obtainable in large quantities, 
being a by-product in the new process for obtaining acetone, 
namely, by the fermentation of natural products containing starch 
by members of the group of organisms included under the generic 
name BcuMUm amylobacter. The fermentation gives rise to acetone 
and n-butyl alcohol in the proportion of one part of acetone to two 
of w-butyl alcohol, together with a large volume of gas, consisting 
approximately of a mixture of equal volumes of hydrogen and 
carbon dioxide. 

The production by this method of large quantities of n-butyl 
alcohol invited experimental work in a number of directions, and 
of these, the condensations of n-butyl alcohol and n-butaldehyde 
are not the least important. 

n-Butaldehyde is readily obtainable from n-butyl alcohol by 
direct oxidation, but the yields are poor, being less than 30 per 
cent., most of the alcohol being converted into n-butyl r^-butyrate 
and tarry matter. 

The method adopted to prepare n-butaldehyde in quantity was 
that of Bouveault, using a copper catalyst at 300^, an almost 
theoretical yield of aldehyde from alcohol being obtained. 

n-Butald^yde readily undergoes the “ aldol condensation, 
giving a 60—70 per cent, yield of the aldol, 
OH-CHPr-CHEt-CHO, 

which on distillation under the ordinary pressure loses water, giving 
0 -etihyl-A*-h 6 xenealdehyde, CHPr*ICEt*CHO, and this, on complete 
redu(^ion with aluminiiun amalgam and water, gives o-ethylhexyl 
^cohol, CHgPr-CHEt-CHg-OH. 

On oxidation with silver oxide and barium hydroxide, a-ethyl- 
A*-hexenealdehyde gives an unsaturated acid, CHPr^ICEt-OO^H, 
which on reduction with zinc and sulphuric add gives o-ethylhexoic 
add, CHgPr-CHEt-CO^H. 

Guerbet, in his work on the action of sodium on alcohols (Compf. 
rend.i 1901^ 138 , 1220 ; 1902, 134 , 467), obtained from n-butyl 
alcoho^ an octyl alcohol, in every way similar to the above, to 
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which he gave the formula CH 2 Pr«*CHMe*CH 2 *OH. This would 
obviously be formed by the loss of water from two molecules, thus: 
CHjPr"’:OH ii CHMe'CH 2 *CH 2 *OH, that is, it is the /B-hydrogen 
atom that reacts. This seems improbable, owing to the superior 
activity of a-hydrogen atoms, and the reaction was investigated in 
order to discover the best conditions and also to establish the 
constitution of the octyl alcohol obtained. 

The production of n-butyric acid by the interaction of fi-butyl 
alcohol and sodium led to the investigation of the action of sodium 
hydroxide on 7?-butyl and ethyl alcohols. 

The action of sodium on mixed n-butyl and ethyl alcohols was 
also tried, with results similar to those obtained with n^-butyl 
alcohol, but with poor yields. 

Action of Sodium on n-Butyl Alcohol ,—Experiments were carried 
out with varying amounts of sodium and at varying temperatures. 
The products consisted of octyl alcohol, n-butyric acid, and some 
octoio acid, with traces of esters, ethers, and dodecyl alcohol. 

In all cases, the amounts of octyl alcohol and n-butyric acid 
were proportional to the actual amount of sodium present, within 
small limits. The temperature at which the reaction was carried 
out had no effect, except on the time required to complete the 
reaction. 

The equation which represents the reaction is as follows: 

SC^Hp-OH-HNa -f C4H702Na+5H. 

Some of the n-butyric acid was always replaced by a little octoic 
acid, and similarly some n-butyl alcohol was always found 
unchanged. 

The reaction evidently takes place in two stages, namely, 
(i) formation of octyl alcohol and sodium hydroxide, 

C 4 H 9 -OH + C 4 H 9 -ONa=C 8 H, 7 -OH -f NaOH, 
and (ii) formation of acid from alcohol. 

The sodium hydroxide formed in (i) then acts on unchanged 
n-butyl alcohol, giving n-butyric acid and hydrogen, 

C^UyOn + NaOH = C 4 H 702 Na 4H. 

The octoic acid obtained, and consequently the octyl alcohol, has 
the i»-ethyl, and not the jB-methyl, structure assigned to it by 
Guerbet. The constitution was established by a comparison of the 
amide with that of ct-ethylhexoic acid prepared by Raper’s method 
(T., 1907, ftl, 1837). 

Action of Sodium, Hydroxide on vi-Butyl cmd Ethyl Alcohols .— 
This reaction is almost identical with the second part of the above 
reaction. In the case of n-butyl alcohol, about 80 per cent, of the 
sodium hydroxide is converted into sodium n-butyrate when excess 
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of alcohol is used, small quantities of a-ethylhexyl alcohol and 
a-ethylhexoio acid being also formed. 

The action of sodium hydroxide on ethyl alcohol gives only poor 
yields of acetic acid, quantities of a brown, resinous substance being 
obtained, which appears to be akin to aldehyde resin. 

The action of metallic calcium on n-butyl alcohol is similar to 
that of sodium, smaller yields of a-ethylhexyl alcohol being 
obtained^ but very little w-butyric acid. This is borne out by the 
fact that calcium oxide and slaked lim^ when heated with 7^-butyl 
alcohol give only negligible quantifier ^of. T^bi^tyrlyi acid. 

Action of Sodium on a Mixture of 'i^-Butyl dn^ Ethyl Alcohoh. 
—A few experimenis only were carried out, as the yields were poor, 
lees than 20 per cent, of n-hexyl alcohol and w-hexoic acid being 
obtained. 

The products were mainly a ethylhexyl alcohol and ?t-hexoic acid, 
in addition to n-butyric acid. Very little n-hexyl alcohol was 
obtained. Other products were acetic acid and a-ethylhexoic acid. 

The hexoic acid and hexyl alcohol have a normal chain of six 
atoms, and must therefore be formed thus : 


CH3-CH2-CH.-CH2-;ONa 


This points to the fact that when sodium is dissolved in a ipixture 
of the alcohols, or when sodium ethoxide is dissolved in n-butyl 
alcohol, most of the sodium is present as n-butoxide and not as 
ethoxide. This bears out recent work on solutions of sodium 
hydroxide in ethyl alcohol, which are stated to contain most of 
the sodium as ethoxide. 

The yields obtained here, although poor, were better than those 
obtained by Guerbet (CJompt, rend,., 1902, 136, 172) from heptyl 
and ethyl alcohols, in which case the yields of nonyl alcohol were 
only 3—6 per cent. 

a-Ethylhexyl alcohol is readily dehydrated by heated aluminium 
oxide, giving theoretical yields of an octylene. This, when shaken 
with 90 per cent, sulphuric acid, gives a pleasant-smelling hydro¬ 
carbon having the same empirical formula, which is probably a 
dioctylene. 

Condensations of n-Butaldehyde a/nd n-Butyl A Icohol with 
Acetone .—w-Butaldehyde readily condenses with acetone when 
treated with alkali hydroxides. With 10 per cent, potassium hydr¬ 
oxide it gives an aldol, OH*CHPr“’CH 2 *COMe, which on distilla¬ 
tion gives ^'f-heptyleneS’One (li’-hutylideneaeetone), 
CHPr<CH-COMe. 

By passing 7^-butaldehyde and acetone over aluminium oxide, 
some n-butylideneacetone was obtained, but the main products 
were hydrocarbons of low boiling points. 
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w-Butylideneaoetone undergoes changes when heated with Sodium 
hydrogen sulphate or sulphuric add, and when passed over heated 
copper, which suggests the formation of ring compounds, but no 
definite results have been obtained at present. 

n-Butyl alcohol and acetone when passed over heated aluminium 
oxide lose water, giving a complex mixture of products from which 
methyl amyl ketone and a he'ptadiene^ C7H12, have been isolated; 
traces of /j-butaldehyde and //?opropyl alcohol are also present. 

Other products are probably an unsaturated alcohol, isomeric 
with methyl amyl ketone, and the hydrocarbon derived from it, 
]) 08 sibly allyleiie or allene, and other hydrocarbons and various 
oils of high boiling points which have not been identified. 

The reaction is probably mainly CHgPr^' OH jSCH2*C0Me, 

giving methyl amyl ketone, and H,CEt'CHo'OH, giving 

an unsaturated alcohol, both the ketone and alcohol undergoing 
further dehydration, yielding hydrocarbons. 

Experimental. 
xi-Bniyl Alcohol, 

Starch, and carbohydrates in general, when fermented by 
members of the group Badllm ainylohacter, give rise to acetone 
and //-butyl alcohol. 

About 25 per cent, of the starch is lost as a mixture of hydrogen 
and carbon dioxide in equal proportions, and about 25 per cent, 
is found in the fermented '‘wash'’ as acetone (8—9 per cent, on 
the starch) and ri-butyl alcohol (16—17 per cent, on the starch), 
together with a little isopropyl alcohol, probably formed by the 
reduction of some of the acetone by the hydrogen present. The 
bacillus is anaerobic, the fermentation being complete in from 
twenty-four to thirty hours, according to conditions. Traces of 
acid are formed, which suggests that hydroxy butyric acid is an 
intermediate product. 

The fermented " wash is distilled, and the “ oil ” salted out 
from the distillate with potassium carbonate; on distillation, the 
oil is fractionated as below: 


Typical Distillation of 500 Grams of " Ot/." 


55—60' 

126 grams 

85— 90® 

4 grams. 

60—65 

2 „ 

90— 95 

58 „ 

65—70 

1 M 

95—110 

3-5 „ 

70—76 

1 M 

110—116 

nil 

1 

9 „ 

115—120 

250 grams. 

60—85 

0 

** r* 
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The So—95° fraction consists mainly of a mixture of water and 
»-butyl alcohol, which separates into two layers on cooling, the 
alcohol layer containing 19 per cent, of water and the aqueous layer 
18 per cent, of alcohol. 

The mixture boils at 91° and contains 35 per cent, of water. 

In order to purify the w-butyl alcohol thus obtained, it was 
distilled over 1—2 per cent, of calcium, the fraction 116—117° 
being collected. 

i^oPropyl Alcohol .—In the identification of this alcohol in the 
oil, a few points of interest occurred. 

After careful drying and distillation from solid sodium hydr¬ 
oxide, the alcohol was found to boil at 78 —79°, and not at 83°, 
which is the value usually given. 

The phenyl carbamate, after repeated recrystallisation from 
light petroleum, melted at 75—76° (Gumpert, J. pr. Chem.y 1885, 
[iil, 32, 279, gives 90°, and Spica and de Varda, Gazzettay 1887, 
17, 165, gave 42—43°). The phenylcarbamates of w-butyl and 
ethyl alcohols were found to melt at 61° and 51° respectively. 


ji’Butaldehyde. 

(а) By Direct Oxidation of n-Butyl Alcohol .—^The oxidation 
mixture used for the conversion of ^sobutyl alcohol into wobut- 
aldehyde (Fossek, MonaUh.y 1881, 2, 614) proved to be unsuitable 
for this preparation, and the following method of preparation was 
adopted. 

Into 200 grams of w-butyl alcohol heated to 90—100°, a mixture 
of 200 grams of sodium dichromate, 180 grams of sulphuric acid, 
and 450 grams of water was slowly dropped at such a rate that 
there was continual ebullition. r^-Butaldehyde, n-butyl alcohol, 
and fi^butyl n-butyrate distilled over, and, after being dried, were 
separated by distillation. In three experiments, 58, 55, and 56 
grams oF n-butaldehyde were obtained, most of the alcohol being 
converted into n-butyl n-butyrate and tarry matter. 

If the alcohol is dropped into the oxidation mixture, only traces 
of aldehyde are obtained. 

Oxidation with ammonium persulphate, using cerium oxide as 
catalyst, gave only traces of n-butaldehyde. 

(б) Catalytic Method ,—^The method employed was that of 
Bouveault {BiM, Soc, chim,y 1908, [iv], 3, 118), in which carefully 
reduced copper hydroxide, suspended on copper gauze heated to 
300°, is used as catalyst. 

If care is taken, the catalyst does not deteriorate, although traces 
of n-butyric acid appear to be formed. The yield is theoretical, 
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and about 60—100 grains per hour can be obtained from a 
'^catalyser 46 cm. x 1*9 cm. 

If the catalyst is heated to 400°, further dehydrogenation takes 
place, and some crotonaldehyde is obtained in addition to 
n-butaldehyde. 


txrE thyl-^,^-hexenealdehyde. 

This was prepared by a modification of Raupenstrauch’s method 
(Moimish., 1887, 8, 108). 

w-Butaldehyde (20 grams) and ether (10 c.c.) were mixed with 
a quantity of 10 per cent, aqueous potassium hydroxide, the whole 
was shaken for two hours, and allowed to remain for fifteen hours. 
The product was then washed with dilute sulphuric acid and water, 
dried, and distilled. On distillation, water was eliminated quanti¬ 
tatively from the aldol, giving the aldehyde boiling at 172—173°/ 
760 mm. 

The results with varying amounts of 10 per cent, potassium hydr¬ 
oxide solution were as follows, 20 grams of ??-butaldehyde being 
used in each case: 


Ten per cent, 
potassium 
hydroxide. 

Product, b. p. 

160—180^ 

Yield. 

c.c. 

Grams. 

Per cent. 

0-6 

A few drops only 

— 

10 

4 

23 

20 

11 

63 

30 

11-6 

66 

40 

12-7 

71 

60 

10-6 

60 


Other experiments, using 1 c.c. of the potassium hydroxide 
solution to 6 grams of n^-butaldehyde, gave the following results: 

Butaldehyde. Yield. 

Qrams. Per cent. 

80 7L2 

40 67*6 

100 680 

The semicarbazcme melts at 132°. 

In addition to a 70 per cent, yield of the aldol,'’ some of the 
7»>butaldehyde is recovered unchanged, and some is converted into 
a substance boiling above 180°, which is probably identical with 
the unsaturated aldehyde, C,2H2202, describe by Gorhan 
(Manatsh., 1906, 26 , 73). 


a-Eihylhexyl Alcohol. 

To 37 grams of a-ethyl-A*-hexenealdehyde 16 grams of 
amalagamated aluminium and 200 o.o. of water were added, and 

N* 
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the mixture was allowed to remain for four days with occasional 
shaking. It was then distilled in a current of steam until no more 
oil passed over, and the distillate boiled under reflux for two hours 
with 5 grams of sodium hydroxide to remove any unreduced 
aldehyde as resin. The mixture was then distilled in a current 
of steam, and the alcohol extracted from, the distillate with ether, 
the solution dried, evaporated, and distilled, the fractions 175—195® 
being collected; on redistillation, 10 grams of a-ethylhexyl alcohol 
boiling at 180—185® were obtained. 

a-Ethylhexoic Acid. 

The acid corresponding with the above alcohol was obtained as 
follows. Thirty grams of the aldehyde were mixed with the silver 
oxide, obtained by adding the theoretical quantity of barium hydr¬ 
oxide to 90 grams of silver nitrate. This mixture was treated 
with 600 C.C. of iV'/2-barium hydroxide solution, a few c.c. at a 
time, the whole being kept cold and vigorously shaken. It was 
then allowed to remain for twelve hours. Excess of barium hydr¬ 
oxide was removed by means of carbon dioxide, and the clear solu¬ 
tion acidified with sulphuric acid. The free acid was extracted 
with ether, the solution dried, evaporated, and distilled, the frac¬ 
tion 165—175® being collected. The crude, unsaturated acid was 
heated for twelve hours on the water-bath with a large excess of 
zinc and sulphuric acid. The reduced acid was extracted with 
ether, and ultimately 15 grams of an acid boiling at 225® (the 
fraction 220—226® was collected) were obtained. 

The amide melted at 101*5®, and this melting point was not 
changed when the substance was mixed with the amide of o-ethyl- 
hexoic acid synthesised from ethyl malonate (Raper, T., 1907, 91, 
1837). 


Action of Alkali Metah cj^nd Alkali Hydroxide!^ on n-Butyl Alcohol, 

The similarity of the above a-ethylhexyl alcohol and that (b. p. 
181®) obtained by Guerbet from butyl alcohol led to the investi¬ 
gation of the action of sodium and sodium hydroxide on w-butyl 
alcohol. 

Guerbet (loc. cit.) deduced his formula from the results of an 
analysis of the mixture of acids formed by the oxidation of the 
alcohol by means of a chromic acid mixture, and it was considered 
necessary to repeat his work. 

The method adopted in all experiments was to dissolve the sodium 
in the butyl alcohol and heat the solution of sodium butoxide in 
butyl alcohol in a silver beaker in an electrically heated autoclave 
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at various temperatured and for varying lengths of time. The 
hydrogen was allowed to escape from a valve, the pressure in the 
autoclave being kept at 40—50 atmospheres. 

After cooling, the product was treated with water, and the 
alcoholic layer separated and washed with water. The combined 
aqueous portions were saturated with common salt, and the alcohol 
separating was added to the main bulk. 

After distillation in a current of steam to remove all alcohol, the 
aqueous part was acidified with sulphuric acid, the liberated acids 
were collected, and the aqueous layer was distilled in a current of 
steam to recover all acid. 

The alcohol was dried by means of common Salt, the water being 
separated as brine, and the acid with calcium chloride. 

Typical results are given in the following table; 500 grams of 
/^butyl alcohol being used in each experiment. 


Sodium. 
Per cent. 

Conditions. 

Hydrogen 

evolved. 

Litres. 

Octyl 

alcoholt 

Grams. 

n-Butyric 
acid. 
Grams. 

Octoic 
’ acid^ 
Grams. 

5 

To 276^* and cooled 

37*0 

107 

98 

7 

10 

To 226" 

46-6 

124 

157 

6 

10 

200° for 20 hours 

— 

216 

199 

20 

10 

260° „ 10 „ 

— 

212 

214 

21 

10 

To 276° and cooled 

88-2 

206 

201 

28 


When 15 per cent, of sodium was employed, practically the whole 
of the butyl alcohol was converted into yi'-butyric and octoic acids. 
In one case, nearly 300 grams of octoic aqid were obtained. 

These experiments show that the effect of an amount of sodium 
up to 10 per cent, has no effect on the relative quantities of octyl 
alcohol and butyric acid calculated on the weight of sodium used. 
Above 10 per cent., the amount of acid is increased at the expense 
of the octyl alcohol, octoic acid being formed. 

The temperature at which the reaction is carried out is 
unimportant so long as the heating is sufficiently prolonged. 

Calcium also brings ahout the condensation of butyl alcohol to 
octyl alcohol, but very little acid is formed; thus, when 100 grams 
of n-butyl alcohol were heated with 20 grams of calcium for ten 
hours at 235°, 20 grams of octyl alcohol and 4*6 grams of ^-butyric 
acid were obtained., 

The octoic acid (found: C = 66-71; n = 1104. Calc.: 0 = 66-60; 
H = H*20 per cent.) and octyl, alcohol (Found: C = 73*79; 
H = 13*49. Calc.:. C = 73*76; H = l3-94 per .cent.) have boiling 
points (225° and 181° respectively) almost identical with a-ethyl- 
hexoio acid and a-ethylhexyl alcohol, and since the acid is formed 
from the aloohol by simple oxidation, it must have a correspond¬ 
ing constitution. Its identity with orethylhexoio acid was proved 

2 
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by the fact that mixtures of the amide with the amide of a-ethyh 
hexoic acid (prepared as above and by Raper’s method) melted at 
the same temperature as the latter, namely, 101*5® 

Octylene. —a-Ethylhexyl alcohol, when passed over aluminium 
oxide at 380—400®, loses water, giving an octylene. One hundred 
grams of the alcohol gave 71 grams of oil and 20 grams of water. 

9 grams. 


The oil was fractionated as follows: 

Up to 110° 
110—125 
Above 126 


The pure octylene boils at 121®. 

Dioctylene ,—When the octylene is shaken with 80 per cent, 
sulphuric acid, a pleasantrsmelling oil is formed, which boils at 
245—250®. It is a hydrocarbon of the empirical formula CgHj 4 , 
probably a dioctylene. 

Fifty grams of the octylene, when shaken with 50 grams of 
sulphuric acid and 10 grams of water, gave, after washing with 
potassium carbonate : 


Up to 120° 
120—220 
220—260 
Above 260 


4*5 

5 

25 

6-5 


grams. 

»» 

f* 

>» 


Action of Sodium Hydroxide on n-Butyl Alcohol. 

The reaction was carried out as in the preparation of a-ethyl* 
hexyl alcohol, sodium hydroxide being used in place of metallic 
sodium. 

Typical experiments are given in the following table: 


Sodium 

n-Butyl 

n-Butyrio 

• Ethylhexoio 

hydroxide. 

alcohol. 

acia. 

acid. 

Grams. 

Grams. 

Grams. 

Grams. 

150 

500 

233 

5 

260 

760 

414 

10 

400 

760 

700 

25 


The mixture was in each case heated at 276® for about three 
hours, the heating being stopped when no more hydrogen was 
evolved. In all cases, the unchanged alcohol was recovered, the 
loss varying from 1 to 6 per cent, of the whole. The method of 
working up was the same as that employed in the preparation of 
a-ethylhexyl alcohol. In addition to the production of n-butyric 
and a-etbylhexoic adds, about 1 per cent, of a-ethylhexyl alcohol 
was formed. 
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Action of Calcium Oxide amd Hydroxide on n-Butyl Alcohol, 

The amount of acid produced from Ti-butyl alcohol by the action 
of calcium is much lees than that formed by sodium, and this fact 
leads to the conclusion that calcium hydroxide is much less active 
in the production of acid than sodium hydroxide. 

Two experiments carried out with calcium oxide and hydroxide 
confirmed thia 

Calcium Oxide .—One hundred grams of n-butyl alcohol and 
40 grams of quicklime, when heated for eleven hours at 250—260°, 
gave, during the first hour, 800 c.c. of hydrogen, during the second 
hour 300 C.C., and after that none. 

The products consisted of 6*5 grams of /i^butyric acid and 
14 grams of a-ethylhexyl alcohol, which on redistillation gave 
12 grams of alcohol boiling at 180—185°. The yield of rr^butyric 
acid was only 25 per cent, on the w-butyl alcohol attacked by the 
quicklime. 

Calcium Hydroxide .—After ten hours’ heating at 250—260°, 
100 grams of n-butyl alcohol and 40 grams of slaked lime gave 
only 100 c.c. of hydrogen, 0*6 gram of n-butyric acid, and 1 gram 
of a-ethylhexyl alcohol. 


Acetic Acid from Ethyl Alcohol. 

Owing to the ease with which f^-butyric acid can be obtained 
from n-butyl alcohol by heating with sodium hydroxide, an attempt 
was made to apply the reaction to the production of acetic acid 
from ethyl alcohol. Two preliminary experiments only were 
carried out, but these showed that the process could not be a 
commercial success. 

Expt. 1.—Fifty grams of ethyl alcohol and 20 grams of sodium 
hydroxide were heated at 230—250° for three and a-half hours, 
the product being dissolved in water, acidified with sulphuric acid, 
and distilled to dryness under diminished pressure. 

The acetic add in the distillate, estimated volumetrically, was 
4 grams, or 13 per cent, on the sodium hydroxide. 

Expt. 2.—Sixty grams of ethyl alcohol and 20 grams of sodium 
hydroxide were heated for seventeen and ahalf hours at 250—260°. 
The product was worked up as above, and 8 grams of acetic add 
were obtained, that is, 26 per cent, on the sodium hydroxide. 

Not only was the yield of acetic acid poor, but much of the 
alcohol was not recovered, owing to the formation of much resin. 
From this it seems probable that either acetaldehyde or a substance 
which readily gives this is formed as an intermediate product. 
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n-Hexyl Alcohol and n-Hcxoic Acid, 

The experimentfl on the production of hexyl alcohol and hexoic 
acid from a mixture of ?ir-butyl and ethyl alcohols were not very 
successful, the yields being very poor. 

The three following experiments may be quoted as typical of 
those carried out. 

Expt. 1.—A solution of 50 grams of sodium in 250 grams of 
n-butyl alcohol and 200 grams of ethyl alcohol was heated in the 
autoclave to 275®, and then allowed to cool. The product was 
dissolved in water, the alcohols distilled in a current of steam, and 
salted out from the distillate by means of potassium carbonate. 
The acids were liberated from the aqueous portion by means of 
sulphuric acid, separated, dried, and distilled, acetic acid remain¬ 
ing in the aqueous portion. On redistillation, 45 grams of an acid 
boiling at 198—202® were obtained. 

Expt. 2.—Seventy-five grams of sodium were dissolved in ethyl 
alcohol, and the excess of the latter was evaporated under 
diminished pressure. The sodium ethoxide was dissolved ii> 
500 grams of w-butyl alcohol, and the solution treated as before, 
75 grams of an acid boiling at 198—202® being obtained. 

Expt, 3.—A solution of 70 grams of sodium in 450 grams of 
7 ^-butyl alcohol and 140 grams of ethyl alcohol was heated at 275^ 
and treated as in Expt. 1. From this, 82 grams of an acid boil¬ 
ing at 198—202® were obtained, and from the alcohol boiling at 
above 125®, in addition to a-ethylhexyl alcohol (b. p. 181®), an 
alcohol'boiling at 166—168® was isolated. The corresponding acid, 
when purified, boiled at 199—200® and melted at 3®. 

, The amide melted at 97—98®, and a mixture of this with the 
amide of n-hexoic acid melted at 98—99®. The acid is therefore 
r/ohexoio acid .and the alcohol is n-hexyl alcohol. 

i C f * , 

hy-Hfptylene-$-07ie (n-Butylideneacetone). 

' ft-ButaidOhyde and acetone in molecular proportions are shaken 
with 1—2 per cent, of solid sodium hydroxide; after a few minutes, 
the mi:8ture jemulMfies and becomes almost solid and very hot. 
The yield is mot ihcr^sed hy cfooling, but the amount of material 
of high >bolling point is decreased. The temperature Yises to 
50—609/aiidi^ when it begins to fall the reaction is complete: The 
mixture’is ^pale yellow, and, on cooling, water separates and the 
mixture* ibecomes cloudy 

^ On disiHlatioh/.in addition to butylideneacetone and unchanged 
mateiials; a small 'quantity of hydrocarbons (K p. b^w 120?) is 
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obtained, presumably formed by the dehydration of butylidene- 
acetone. The same hydrocarbons are apparently obtained by the 
action of aluminium oxide on a mixture of butaldehyde and acetone 
(see below). 

The results of experiments with 65 grams of rz-butaldehyde, 
50 grams of acetone, and 2 grams of sodium hydroxide are as 
follows: 



Up to 140°. 

140—180°. 

Butylidene- 

Above 180*. 


Unchanged. 

acetone. 

Tar. 

Conditions. 

Grams. 

Grams. 

Grams. 

Shaken for 12 hours at 37° ... 

220 

300 

270 

M 12 „ 15°... 

22*0 

22*0 

24*6 

Shaken for 12 hours. 

190 

180 

340 

Shaken in the cold . 

31*5 

360 

18*0 

Shaken without cooling . 

280 

34*5 

23*0 


The los.s in all cases is due to acetone dissolved in the washing 
with water, so that the method of working up without allowing to 
remain gives not only a higher yield of butylideneacetone, but also 
less material of high boiling point, which may be regarded as loss. 

No indication of mesityl oxide or phorone was obtained in the 
material of high boiling point. From the fraction 165—220^^, 
^-ethyl-A“-hexenealdehyde was isolated in appreciable quantities, 
|>ut the main constituent of this fraction was butylideneacetone. 

eptf/Iene-p-one (n-huti/luleneaceione) is a colourless liquid 
which rapidly turns yellow on exposure to the air. The pure 
ketone boils at 157^, but on distillation always leaves some residue, 
which suggevsts that auto-condensation takes place, or that the 
compound absorbs water from the air, giving the aldol,” which 
decomposes to some extent on distillation, and is also readily 
oxidised by the air. 

Ultimate analysis gives low results (compare Franke and Kohn, 
Motiutsh,, 1899, 20 , 876, who found the same in the case of 
?>obutylideneac.etone). After very careful drying, treating with 
calcium chloride for two weeks, and distilling in a vacuum, the 
following result was obtained: 

01102 gave 0-2957 CO. and 0-1007 HgO. C = 73T8; 11 = 10 - 22 . 

C 7 H 10 O requires C = 74*93; H --= 10*79 per cent. 

The ticmicarhazoney CgHjr.ON,, is readily soluble in alcohol and 
melts at 118°, 

On dehydration with 60 per cent, sulphuric acid (Kipping and 
Perkin, T., 1890, 67, 13) or on heating with sodium hydrogen 
sulphate at 160°, butylideneacetone gives an oil with a terpene- 
like odour and much tar. 

Action of Reduced Copper .—By passing butylideneacetone dveir 
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carefully reduced copper oxide heated to 700—800®, a small 
quantity of toluene was obtained, together with some phenolic 
substance, which appears to be a cresol, probably formed in the 
following manner: 


Me 


>C. 


,CH=:CH 


>CH, 


Me^p^CH=CH^OH 


This compound then loses four atoms of hydrogen, and the 
hydroxyl group migrates, giving a cresol. Most of the butylidene- 
acetone, however, is converted into carbon and gaseous products. 
Experiments were carried out at various temperatures, but when¬ 
ever toluene was obtained, the greater part of the ketone gave 
ci^rbon and gases. At 600® a 5 per cent, yield of toluene was 
obtained. 


Actia/t of Aluminium Oxide on a Mixture of n-Butaldehyde cmd 

Acetone, 

By passing butylideneacetone over aluminium oxide at 300®, it 
loses water, giving unsaturated hydrocarbons, which are apparently 
the same as those obtained in the preparation of the ketone by 
means of solid sodium hydroxide. 

This led to the investigation of the action of aluminium oxide 
on a mixture of .%butaldehyde and acetone. 

When a mixture of molecular proportions of n-butaldehyde and 
acetone is passed over aluminium oxide at 300—350®, water is lost 
and a certain amount of butylideneacetone is formed. This, 
however, seems to be an intermediate product, which on further 
dehydration gives two hydrocarbons, CyKj^, possibly of the 
formul© CH 3 -CH 2 -CH 2 -CH:c:c:CH 2 and 

CHs-CH2-CH2-CH:CH-C!CH. 

One of these appears to boil at about 100®, and gives a pre- 
qipitate with ammoniacal cuprous chloride. It is therefore an 
acetylenic hydrocarbon. The other boils at about 60—70®. 

Only a few preliminary experiments have been made, but the 
optimum temperature appears to be about 325—350®. Above 400® 
charring takes place on the aluminium oxide, but at 350® the 
catalyst will apparently dehydrate an unlimited amount of 
butaldehyde and acetone. 

Butylideneacetone only has been definitely proved to be present 
in the product. 

The experiments which have been carried out with 50 grams of 
n-butaldehyde and 40 grams of acetone can be summarised as 
follows I 
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1 . 

11 . 

111. 


Grama. 

Grams. 

Grama. 

Oil . 

. 62*0 

71 

74 

Water. 

16*6 

13 

9 

tionation of the oil 

gave: 



Up to 100° . 

24*0 

38 

41*5 

100—125 . 

2*0 

3 

4*0 

125—146 . 

2*5 

3 

4*5 

146—170 . 

18*0 

12 

12*0 

170—200 . 

3*0 

3 

30 

Above 200 . 

6*5 

8 

5*5 


In this series of experiments, the more rapidly the materials 
were passed over the catalyst, the less water was produced and the 
more butylideneacetone (145—170°). This points definitely to 
the latter being an intermediate product in the formation of the 
hydrocarbons of low boiling point, and this is borne out by the 
results obtained on passing butylideneacetone over aluminium 
oxide, when water is lost. Thus, 42 grams of butylideneacetone 
yielded 32 grams of oil which, on fractionation, gave: 


Up to 65‘ 
65—140 
140—170 
Above 170 


1*0 gram. 
5*5 grams. 
180 „ 


Action of Aluminium O^xide on a Mixture of n-Butyl alcohol and 

Acetone, 

A mixture of 460 grams of acetone and 590 grams of 7 ^-butyl 
alcohol was passed over aluminium oxide at 300—350°. 

The product consisted of 550 grauns of oil and 238 grams of water, 
and much gas was evolved. Fractionation of the oil gave: 


Up to 66° 

Grama. 

30 

56— 65 

126 

65— 75 

24 

75— 85 

22 

85— 96 

18 

95—105 

21 

106—116 

61 


116—125° 

Grams* 

73 

125—146 

6 

145—156 

48 

165—180 

6 

180—210 

35 

Above 210 

53 


From this the following products have been isolated: 

(i) A hydrocarhon, boiling at 76—78°, probably C 7 H 14 from (iv) 
by dehydration. 

(ii) A heptadiene, boiling at 94—96°: 

0 1273 gave 0 4088 COg and 0-1538 HgO. C = 87-57 ; H = 13-51. 
C 7 H 12 requires C=87*41; H=12-59 per cent. 
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This is probably formed by the dehydration of methyl amyl 
ketone (iii). 

(iii) Methyl amyl ketone (b. p. 148—150°), which was isolated 
by means of its sodium hydrogen sulphite compound. The melting 
point of its semicarbazone (120°) was not altered by admixture 
with a specimen from another source. 

(iv) An unsaturated alcohol^ boiling at 150°, probably isomeric 
with methyl amyl ketone. 

Substances boiling at 70—80°/13 mm. and 100—110°/13 mm., 
together with traces of w-butaldehyde and isopropyl alcohol, were 
also isolated. 

The chief products were methyl amyl ketone and the heptadiene. 

Admiralty Laboratory, 

Lister Institute of PREVENTI^’T: Medicine. {Rcceivcdy January \%ih, 1920.] 


XLIL —An Investigation of the Resin from Species of 
Xanthorrhoea not previously examined. 

By Edward Henry Rennie, William Ternent Cooke, and 
Hedley Herbert Finlayson. 

Xanthorrhcea resin has been the subject of many investigations, 
but unfortunately the authors of these investigations do not always 
seem to have been certain as to the species from which the resin 
had been derived. For the most part, the resin examined appears 
to have been obtained from New South Wales, and is described as 
''red'' or "yellow." Tschirch in his "Harze und Harzbehalter " 
says: " Was die Abstammung der Acaroide betrifft, so ist dieselbe 
noch nicht sichergeetellt. Fiir das gelbe wird X, hastilisy fiir das 
rothe meist X. amtralis angegeben." In the most recent examin¬ 
ation made at the Imperial Institute, no reference is made to 
species, but the material used is described as " a commercial sample 
of red Xanthorrhoea resin." 

The two species above referred to are not known in South 
Australia, and all the material used by us was obtained either 
from Kangaroo Island (South Australia) or West Australia. So 
far as the Kangaroo Island resin is concerned, we have again red 
and yellow varieties. The yeljow has, so far as can be gathered 
from specimens 6f foliage, been obtained from X. Tateanay but, 
according tp Mr. Harrison, of King^ote, only about 1 per cent, of 
the trees yield the yellow resin. The origin of the red is still 
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uncertain. A specimen of foliage was submitted to Prof. Osborn 
of this University, who states that it would require investigation 
by a specialist on the spot to= determine whether the leaves belong 
to a different species (from that which yields the yellow), or a 
variety, or whether age and environment may account for the 
differences in the leaves. 

Those chemists who have published results of their work on the 
“red” and “yellow” resins agree subst^intially as to the products 
so far obtained, but some have found substances not noticed by 
others. As our work is concerned with material from species not, 
so far as we are aware, yet examinedv) it will suffice merely to 
mention the principal constituents recorded in resins from other 
species. Those are, briefly: 

(1) Acids, either free or partly in the form of esters. —Benzoic, 
cinnamic, p-coumaric. 

(2) Aldehydes. —Vanillin, p-hydroxybenzaldehyde. 

(3) Prodwets of Oxidatimi hy Alkaline Permaiujanate, Chromic 
Acid, etc. —Acetic and oxalic acids, or insoluble chromium 
compounds. 

(4) Products of Fusion with Potassium Hydroxide. —Resorcinol, 
p-hydroxybenzoic acid, carbonic acid. 

(5) Products of Action of Nitric Acid. —Picric acid, p-nitro- 
phenol, acetic acid. 

(6) Products of Distillation with Zinc Dust in the Presence of 
Hydrogen. —Benzene, toluene, naphthalene. 

(7) T rod vets of Destructive Distillation. —Phenol, styrene, and 
tarry matters. 

(8) A resid\ie obtained by acidification of an alkaline solution 
consisting of a complex substance, which has been named a 
“resinotannol.” 


A. Examination of the Eesin. 

The resin used in the following ex})eriments was carefully picked 
out and freed, as far as possible, from fragments of leaves, the 
quantity of which was quite insignificant. 


Action of Nitric Acid.. 

jPicfio acid was obtained in quantity, and small quantities of 
another nitro-compound, which was not identified. Oxalic acid 
a)so obtained. 
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Fusion^ with Sodium Hydroxide and Examifuittiofi of the Ftoduct 
for Volatile Adds, 

About 500 grams of the resin in 50-gram lots were fused gently 
for several hours with an equal weight of sodium hydroxide, a 
little water having been added. The fusion was acidified with 
sulphuric acid, distilled, and the distillate neutralised with sodium 
carbonate and evaporated to dryness. The greater part of the 
residue was added to a cold mixture of alcohol and concentrated 
sulphuric acid, frequently shaken, and allowed to remain over¬ 
night. The liquid was then gently distilled, and the distillate 
shaken several times with a saturated aqueous solution of potassium 
carbonate, the layer of ester run off, dried with potassium carbonate, 
and fractionated. The greater part of the distillate (apart from 
ether, due to the interaction of the alcohol and sulphuric acid) 
was found to be ethyl acetate, but there was also present a small 
fraction which had an odour like that of ethyl butyrate, and, on 
hydrolysis and acidification, gave the unmistakable odour of butyric 
acid. The total yield of esters was about 8 per cent, of the resin 
taken. 

Oxidation with Alkalme Permanganate, 

Twenty grams of the resin were boiled with alkaline perman¬ 
ganate (10 grams of KMnO^ in 200 c.c. of solution) for half an 
hour, the solution then being acidified with sulphuric acid and 
distilled in a current of steam. Only traces of acid (acetic?) were 
present, with a minute quantity of a fragrant oil. The residue 
from the steam distillation was collected, washed, redissolved in 
sodium hydroxide solution, a further 10 grams of potassium per¬ 
manganate added, and distilled. The distillate was neutral. On 
repeating the process, the resin was ultimately broken up, and 
nothing but carbonic acid could be recognised in the final product. 


Examination for Adds either Present in the Free State or in the 

Form of Esters, 

A large quantity of the resin (680 grams) was dissolved by the 
aid of excess of sodium hydroxide in about 2 litres of water, and 
the solution distilled in a current of steam for about twelve hours. 
The residue was just acidified with sulphuric acid, the solution 
filtered, and concentrated until a quantity of sodium sulphate 
crystallised out, the crystals (which wwe mixed with a crystalline 
organic substance) were wanned with alcohol, the latter was dis¬ 
tilled off, and the tarry residue, as well as the add solution, ex- 
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hausted with ether. The reeidue, after distillation of the ether, 
partly solidified on keeping, but contained some tarry matter, which, 
after considerable difficulty, was removed by exhaustion with boib 
ing water and repeated treatment with animal charcoal. tJltim- 
ately, a nearly colourless, crystalline mass was obtained, and this 
was separated by means of chloroform into two substances, which, 
on examination, proved to be p-coumaric acid and /^-bydroxybenz- 
aldehyde. It seems scarcely necessary to go into details of the 
identification of these substances, repeatedly recognised as they 
have been by others as present in other varieties of Xanthorrhoea 
resin; suffice it to say that the former was fully identified by com¬ 
bustion, melting point, and other characteristics, the latter by 
methylation, conversion into anisaldehyde, and oxidation of the 
latter to anisic acid. The total yield of the two products (purified) 
was about 4*5 per cent., but it must be noted (a fact of which we 
were not at the time aware) that p-coumaric acid is slowly decom¬ 
posed on boiling with dilute sulphuric acid. Hence the amount of 
this acid obtained in the way described above is no doubt consider¬ 
ably below that actually present. It was not thought necessary 
to make a careful search for other acids or aldehydes such as 
benzoic and cinnamic acids and vanillin, which have been found by 
other observers, but it is worth mentioning that, on acidification of 
the alkaline solution of the resin after steam distillation, for the 
purpose of extraction of the above-mentioned substances, a vanillin- 
like odour was often noticed. 


Products obtained hy Steam Distillation of a Strongly Alkaline 

Solution, 

In the experiment above described, it was noticed that an appreci¬ 
able quantity of a fragrant oil was obtained in the distillate. On 
shaking the distillate (6 litres) with ether and evaporating off the 
latter, about 1-5 grams of a fragrant oil remained, which, on keep¬ 
ing, solidified to a pale brown, crystalline solid. In order to 
examine this more thoroughly, several lots, of 1 kilogram each of 
the resin, were dissolved in alkali (about 200 grams of sodium 
hydroxide and 2 litres of water to each kilogram), and steam dis¬ 
tillation was continued in each case until about 12 litres of dis¬ 
tillate were collected and practically no more oil passed over. The 
distillates were then exhausted with benzene and the latter 
distilled off. From each such distillation, from 3*55 to 3*65 grams 
of residual oil were obtained, which, on keeping, always solidified. 
The total amount of material was then dissolved in alcohol, the 
solution filtered from a minute amount of insoluble matter, and 
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the material allowed to crystallise. Two recrystallisations brought 
the melting point to 49 °, at which point it remained constant. 
The crystals were stout, well-developed needles, almost colourless, 
and had a sweet odour. (This fragrance was subsequently found 
to be due to a minute quantity of a fragrant oil, which was not 
present in sufficient quantity for identification, and adhered per¬ 
sistently. The crystals, when afterwards thoroughly purified, were 
found to have only a slight, somewhat phenolic odour.) They were 
freely soluble in ether, benzene, acetic acid, and most other organic 
solvents, very sparingly so in cold water, more freely in hot, read,ily 
soluble in solutions of alkali hydroxides, but insoluble in solutions 
of the alkaline carbonates or ammonia (Found: 0 = 64*78, 64*71; 
H=5*99, 5'78. M.W. by cryoscopic method in benzene, 161. 
C 9 H 10 O 3 requires 0 = 65*06; H = 6*02 per cent. M.W. = 166). 

On treatment with bromine in carbon tetrachloride solution,: it 
yielded a crystalline bromo-derivative, and on acetylation an acetyl 
derivative melting at 44—-45°. The hydrazone was also obtained. 
These facts agree with the data for paeonol, a product obtained 
from Faecmia Moutan in Japan, and used medicinally in that 
country. Its constitution has been proved to be that of 2 -hydroxy- 
4-methoxyaoetophenone, 0 H 3 * 00 ' 0 ^H 3 ( 0 H)* 0 Me (Nagai, Ber,y 
1891, 24 , 2847; Tahara, ibid., 2459). 

The mother liquor, after separation of the paeonol, contained 
apparently nothing but a small quantity of the fragrant oil already 
referred to, the quantity of which was too small for examination. 


N itropaeonol. 

For reasons which will appear in the sequel, it became desirable 
to prepare a nitropaeonol. Ten grams of paeonol in 30 c.c. of 
glacial acetic acid were mixed with 5 c.c. of nitric acid (D 1*41). 
After a few minutes, a characteristic, blue colour appeared, chang¬ 
ing in the course of some hours to blood-red. For twelve hours 
after no further change took place, but on adding a further 10 c.c. 
of nitric acid, the mixture became warm, and, after a few minutes, 
deposited a crop of crystals, nitrous fumes being evolved in quantity 
and the red colour persisting. After remaining for some days, the 
liquid was diluted with its own volume of water, the crystalline 
deposit collected, washed, and repeatedly crystallised from hot 
alcohol until almost colourless. It consisted of long, straw-coloured 
needles melting at 153° (Adams, J. Amer. Chem. Soc., 1919, 41 , 
247, gives 165°) .(Found: N = 6 * 66 . C 0 S 9 O 5 N requires N = 6*63 
per cent.). On reduction with tin and hydrochloric acid, removal 
of the tin by means of hydrogen sulphide, and conoentration of the 



OF THB BFSIK from SPBOIBS OF XANTHOBRH(EA, ETC. 343 


filtered solution, the . hydrochloride of the amino-compound 
separated out as a mass of needles, which were permanent in air 
but were not further examined. 


B. Ejraminatum of Yellow Resin of X. Tateana. Isolation of a 
New Stihstance^ CgHiyO^. 

The yellow resin differs in other respects than in its colour from 
the red variety. It shows a marked tendency to accumulate in 
lumps and tears varying in colour from pale amber to a muddy 
brown, but it is always pure yellow when powdered. It is notice¬ 
ably less brittle than the red, becomes soft if placed in the mouth, 
and when boiled with water becomes a mobile liquid. It dissolves 
in alkali hydroxides, yielding in moderate concentrations an orange 
solution, from which acids precipitate the resin as a dull, mustard- 
coloured powder. Steam distillation was resorted to under con¬ 
ditions exactly similar to those already described in the case of the 
red material, with the exception that the distillation was much 
more prolonged, being continued in some cases until 150 to 160 
litres of distillate had been collected, the reason being that appreci¬ 
able quantities of oily matter continued to pass over for long periods 
of time. The oil obtained in this way gradually solidified on keep¬ 
ing, That in the earlier part of the distillation was very like 
paeonol, but later on quantities of solid matter quite different from 
paeonol made their appearance. The whole of these substances 
was extracted from the distillate by shaking with benzene. The 
tot^l product after the evaporation of the benzene averaged, in 
several distillations, about 5 per cent, of the weight of material, a 
very much larger quantity than in the case of the red resin. 
Obviously there were two substances here present, which could be 
partly separated by collecting separately the earlier and later por¬ 
tions of the distillate. The earlier portions consisted practically 
entirely of paeonol, with a small quantity of the same fragrant oil 
noted in the case of the red resin. The later portions were re¬ 
crystallised from dilute alcohol until a constant melting point, 79^^, 
was reached. In subsequent experiraenta, the whole of both sub¬ 
stances was extracted with benzene, and, after removal of the 
latter, the two were separated by fractional distillation under 
20 mm. pressure. At this pressure, the paeonol boiled at 158^ 
and the other substance at 185°. Of the total, about 60 per cent, 
was paeonol, and the remainder, except for a trace of some material 
of higher boiling point, the second substance. The substance 
obtained in this way was quite colourless, practically insoluble in 
cold or hot water, and readily soluble in alkali hydroxides or in 
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the ordinary organic solvents. Like paeonol, it gives a claret 
colour with ferric chloride. The colour reactions with nitric acid 
are very similar to those given by paeonol, but more marked. In 
cold concentrated nitric add, an intense blue colour is immediately 
developed, which, on keeping, and particularly on warming, changes 
to a blood-red, which is not discharged by continued boiling with 
concentrated nitric acid. On diluting the red solution and render¬ 
ing alkaline with sodium hydroxide, a dark green colour is 
developed, which, however, is somewhat fugitive. 

Found: C = 59-47, 5978; H=570; 5-23. 

C 9 H 10 O 4 requires 0 = 59*34; H = 5*49 per cent. 

A molecular-weight determination by the cryosoopic method in 
benzene gave 178, the theory for C 9 Hj (,04 being 182. 

Oxidation .—The above figures, coupled with the general 
behaviour of the substance, in particular the close resemblance of 
its colour reactions to those of paeonol, suggested the probability 
that we were here dealing with an hydroxypaeonol. To decide this 
point, the following experiments were undertaken. A small 
quantity, 0*532 gram, was boiled in a small flask attached to a 
reflux condenser with a mixture of potassium chromate and 15 per 
cent, sulphuric acid, the former being added cautiously until the 
solution was permanently yellow. The mixture was then distilled 
almost to dryness, water added, and the boiling resumed until acid 
ceased to pass over. The distillate was redistilled, excess of barium 
carbonate added, the solution evaporated to dryness, the residue 
redissolved, and the solution filtered and finally evaporated to dry¬ 
ness in a tared platinum dish. The barium salt so obtained, after 
drying at 100®, weighed 0*2979 gram, and its reactions were those 
of barium acetate (0*23 gave 0*206 BaS 04 , whilst barium acetate 
requires Ba 8 O 4 = 0 * 21 ). An hydroxypaeonol on oxidation should 
yield acetic add. 

Oxime .—To a solution of 4 grams of sodium hydroxide in 8 c.c. 
of water was added slowly, with cooling, a solution of 6 grams of 
the original substance and 2*5 grauns of hydroxylamine hydro¬ 
chloride in a mixture of 80 o.c. of alcohol and 20 c.o. of ether. 
After remaining for twelve hours, the red solution was heated under 
reflux for two to three hours, the excess of alcohol and ether dis¬ 
tilled off, and the residue poured into water and acidified. The 
crude oxime was repeatedly crystallised from dilute alcohol until 
a constant melting point was obtained. The purified compound 
crystallised from alcohol in transparent plates, and from the dilute 
solvent as a grey sand. The air-dried substancei when slowly 
heated, sintered together at 100 ® and melted and decomposed at 
107®, but this was found to contain water, the loss at 100® amount- 
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ing to 8*44 per cent, (theory for IH 2 O —8*37 per cent.). Appar¬ 
ently hydrolysis takes place on drying, with loss of hydroxyl amine, 
estimations of nitrogen always giving low results. There could be 
no doubt, however, as to the oximic character of the compound, 
for the originad substance could readily be obtained by hydrolysis, 
hydroxylamine being easily recognised in the solution. 

Methylation to a Dimethyl Ether .—Six grams of methyl sulphate 
were added to a warm paste of 5 grams of the compound 
4 grams of sodium hydroxide, and 10 c.c. of water. The mixture 
became very hot, and was allowed to remain for twelve hours. The 
mass was then dissolved in the least possible quantity of alcohol, 
and the solution poured into an excess of sodium hydroxide solu¬ 
tion. The precipitated ether was collected, washed, and recrystal¬ 
lised three times from dilute alcohol, when the melting point 
became constant at 102—103° (Tutin and Caton, T., 1910, 97 , 
2067, give 99—100° as the melting point of 2:4: 6-trimethoxyaceto¬ 
phenone). The ether so obtained was insoluble in alkali, and gave 
no coloration with ferric chloride. A blue colour with nitric acid 
developed very slowly (Found: C = 62*44, 62*35; H = 6‘69, 6*60. 
M.W.=205. requires C = 62*85; H = 6‘65 per cent. 

M.W. =210). These figures prove the existence of two hydroxyl 
groups in the compound C 9 Hj(, 04 . On fusion with potassium hydr¬ 
oxide, a little water at temperatures ranging from 120° to 230°, 
acidification of the product, and repeated extraction with ether, a 
crystalline substance was obtained which, after purification, was 
completely identified by its sweet taste, bluish-violet colour with 
ferric chloride, colour reaction with pine wood moistened with 
hydrochloric acid, and analysis as phloroglucinol. 

The above experiments conclusively prove that the substance, 
is a monomethyl ether of 2 :4 :6-trihydroxy acetophenone. 
The position of the methoxy-group remains to be determined. The 
close association of this compound with paeonol, and the similarity 
of its reactions to those of paeonol, render it probable that the 
methoxy-group is in the para-position, but so far we have been 
unsuccessful in definitely proving this point. It was thought 
possible that nitration of paeonol, reduction of the nitro- to the 
amino-compound, diazotisation, and decomposition by water might 
yield an hydroxypaeonol which would be either identical with or 
different from the compound under consideration. The nitration 
and reduction of the nitro-compound have already been described. 
On diazotisahion of the latter, however, and boiling with water, 
coupling or some other change appaurently takes place, and a deep 
brown substance is obtained, which has not been further examined, 
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Examination for Acids, Free or Combined. 

The alkaline solution, after steam distillation, was acidified and 
examined exactly as described in the case of the red resin, and 
again jt?-coumaric acid and p-hydroxybenzaldehyde were identified 
in considerable quantity. 


C. Examination of X. Preissii. 

We are indebted to Mr. Lane-Poole, Conservator of Forests in 
W. Australia, for a supply of this resin, which we have examined 
by the same method of steam distillation, as already described. 
Since the work was completed, a letter was received from the 
Government Chemical Laboratory, W.A., enclosing a report from 
Mr. D. A. Herebert, the economic botanist and pathologist, in 
which it is stated that a new species of Xanthorrhoea has been 
discovered which is very like Preissii, the resin of which, however, 
is black, that of Preissii being red. The samples of resin for¬ 
warded to us by Mr. Lane-Poole were all red. however, and there 
was no evidence of the presence of any of the black variety. A 
small quantity of the black variety may have been present and 
escaped notice, but not sufficient, we think, appreciably to vitiate 
the results of our work. 


Products of Steam Distillation. 

On distillation with steam in the way already described, a yellow 
oil was obtained much more fragrant than that produced from the 
other species above referred to, the total yield being a little more 
than 1 per cent. The first portions of oil passed over very rapidly, 
but even after long and tedious distillation (160 litres of distillate 
from 3 kilograms) the distillate was still turbid. This is in sharp 
contrast with the result obtained with X. Tateana, the distillate 
in the latter case being quite clear when the distillation was 
stopped. As in previous cases, the distillate was exhausted by 
shaking with benzene, and the latter distilled off. The residue 
was then carefully fractionated under 20 mm. pressure, and ultim¬ 
ately five fractions were collected, namely, 110—155®, 155—165®, 
165—185®, 185—200®, and 200—210®, leaving a small quantity of 
a somewhat viscous, unorystallisable material in the flask. Frac¬ 
tion 2 (155—165®) proved to be almost entirely paeonol. Fraction 
3 was chiefly paeonol with a small quantity of an oil which did 
not crystallise. Fraction 4 remained U(][uid for some weeks, but 
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finally deposited crystals which, on washing with small quantities 
of alcohol and recrystallisation, melted at 79°, and proved to be 
the hydroxypaeonol already described. 


Isolation of a C(mipound, 

Fraction 5 was solid, and was recrystallised from alcohol until 
the melting point was constant at 69*5°. 

Found: C-78*24; H = 6'44. 

requires C~78*00; 11 — 6*00 per cent. 

The figures agree better with the formula than with 

^ 13 ^ 14 ^ 2 - 

A molecular-weight determination by the cryoscopic method in 
benzene gave 194 requires 200). The substance is prac¬ 

tically insoluble in cold or hot water and in alkali hydroxides, but 
dissolved easily in the ordinary organic solvents. Its alcoholic 
solution gives no coloration with ferric chloride. It is not acted 
on by acetic anhydride. All attempts to form from it an oxime 
or hydrazone failed. On the other hand, it was found to contain 
one raethoxy-group, an estimation by the ordinary method giving 
OMe = 15’l, whilst CioH^O’OMe requires OMe-15-5 per cent. 
With cold concentrated nitric acid, a black, tarry material was at 
once formed, with evolution of nitrous fumes, but on slow evapor¬ 
ation an orange substance remained, from which nothing definite 
has so far been obtained. Potassium dichromate and dilute 
sulphuric acid attack it very slowly, and again no definite product 
could be obtained. It dissolved gradually in cold concentrated 
sulphuric acid, forming a pale yellow solution, from which, on 
dilution, it was deposited apparently unchanged. With hot con¬ 
centrated sulphuric acid, dirty green solutions were obtained, which 
at the fuming point assumed a rich purple tint, but no charring 
took place, and the solution, on pouring into water, yielded a 
flocculent, red precipitate. These facts appear to indicate that 
the compound is a methoxydiphenyl ether, and its general 
characters are in harmony with that supposition. Derivatives of 
diphenyl ether, with few exceptions, appear to have been little 
studied, amd all seem to be characterised by considerable stability. 

An attempt was made to synthesise //-methoxydiphenyl ether by 
the preparation of p-nitrodiphenyl ether, its reduction to the 
amino-compound, the diazotisation of the latter, the decomposition 
of the diazo-oompound with water, and methylation of the product. 
The first stage was carried out successively by Haeussermann and 
Teichmann’s method (fisr., 1896, 20, 1446). A mixture of 
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potassium phenoxide, excess of phenol, and p-chloronitrobenzene 
was heated for two to three hours in an oil-bath to 150—190° in 
a flask with reflux condenser, a stream of hydrogen being passed 
through the apparatus. On cooling the mass, water was added, 
and the alkaline solution extracted with ether. The residue, after 
evaporation of the latter, was distilled under 20 mm. pressure, and 
practically pure p-nitrodiphenyl ether obtained. The reduction 
of the nitro-compound was effected without difficulty, and the 
amino-compound obtained in white crystals. On diazotisation and 
boiling with water, a tarry mass was produced, which was extracted 
with ether, and the residue, on evaporation of the latter, methylated 
by methyl sulphate in alkaline solution. The material which 
separated was small in quantity, and on distillation yielded only a 
small quantity of liquid boiling at 170°/20 mm., which was not 
the desired compound. We hope to make further experiments in 
the future. 

Isolation of Citronellol. 

Fraction 1 (110—155°) of the oil from .Y. Preissii was carefully 
fractionated, with the result that a large proportion of it was 
obtained as a fragrant oil boiling at 118—120°/20 mm. with 
smaller quantities of fragrant substances of lower boiling point. 
It was colourless, somewhat viscid, and had a distinct rose-like 
odour, quite different from that of geraniol, which it was at first 
suspected to be. To ascertain whether any esters were present, 
the ester value was determined by boiling with alcoholic potassium 
hydroxide and titrating with sulphuric acid, but was found to be 
only 14. On acetylation, however, the ester value rose to 280, 
which corresponds with 96—98 per cent, of acetates derived from 
the possible alcohols or C,oH2oO. In order further 

to purify the oil, it was heated under reflux with fairly concen¬ 
trated alcoholic potassium hydroxide, a treatment which had no 
effect on the odour or boiling point (Found: C== 76*56; H = 13*14. 
CjoHgoO requires C = 76*92; H = 12*82 per cent.). 

This alcohol proved to be optically active, a solution of 2*369 
grams in 20 grams of benzene giving a rotation of ~ 1*1° at 13° 
in a 2-dcm. tube. Hence [o]},® — 5*27°, which is not far from the 
value — 420° ascribed to ^citronellol. The identity with 
dtronellal was finally determined by conversion into the hydrogen 
phthalic ester. To the above solution in benzene were added 2*6 
grams of finely powdered phthalic anhydride, and the mixture was 
boiled under reflux for five hours. The benzene having been dis¬ 
tilled off, a viscid oil remained which, on keeping overnight, partly 
solidified. On washing with light petroleum, the oil was separated 
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from the crystalB, which proved to be unchanged phthalic 
anhydride. From the petroleum washings the ester was recovered 
by distillation of the solvent as a colourless, permanent oil without 
odour. It was completely soluble in potassium hydroxide. On 
adding an almost neutral solution of the hydrogen phthalic ester 
in sodiiim carbonate to a fairly concentrated solution of silver 
nitrate, a white, curdy, silver salt was precipitated, which was 
obtained in small rosettes of very fine needles by crystallisation 
from boiling methyl alcohol. After drying in a vacuum, these 
melted at 125°, and on ignition gave Ag = 25-89 (Calc.: Ag = 26*23 
per cent.). These facts leave no doubt as to the identity of the 
oil with citronellol. 

It is noteworthy that the higher fractions obtained by the dis¬ 
tillation of the crude oil had an odour of mint. This suggests the 
presence of i«opulegol, which would probably be formed during the 
repeated fractionation of the crude oil if it contained some 
citronellal, which is quite probable (compare Schimmels Reports, 
April, 1909, p. 94). 


Examination for Acids. 

An examination of X, Preusii for acids led to the identification 
of p-coumaric acid, but p-hydroxybenzaldehyde was not detected, 
although it may have been present in small quantity. 


Residues after Steam Distdlationr and Acidification. 

The solids obtained by acidifying the alkaline solutions after 
steam distillation have been carefully washed and preserved. We 
hope soon to investigate them more thoroughly. 


Summary. 

(1) The Xanthorrhoea resins from Kangaroo Island and 
W, Australia, in common with other species examined by various 
chemists, contain p-coumaric acid, either in the free state or in the 
form of an ester, and p-hydroxybenzaldehyde. 

(2) By steam distillation from a strongly alkaline solution, the 
following substances not hitherto found in Xanthorrhoea resin have 
been obtained; 

A. Bed Resin from Kangaroo Island (Sp. ?).—(a) A small 
quantity of fragrant liquid of vanillin-like odour; {h) paeonol 
(2-hydroxy-4-methox.yacetophenone); (c) traces of material of 

higher boiling point. 
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B. Yellow Resm from X. Tateana {Kangaroo Island), —(a) A 
small quantity of fragrant liquid of vanillin-like odour; (6) paeonal 
in much larger quantity than in the red resin; (c) hydroxypaeonol 
in quantity about two-thirds of that of the paeonol; {d) a eonall 
quantity of material of higher boiling point. 

C. Red Resin from X. Preissii {W. Atistralia). — {a) A small 

quantity of fragrant liquid not identified; {h) ^-oitrohellol; 

(c) paeonol; {d) hydroxypaeonol; (c) a compound, possibly meth- 
oxydiphenyl ether; (/) a small quantity of so far unorystallised 
material of very high boiling point. 

This investigation has been carried out by us as a special com¬ 
mittee appointed for the purpose by the Australian Commonwealth 
Institute of Science and Industry. 

We have to* thank Mr. W. W. Hurst, originally a member of 
the Committee, for help rendered in the earlier part of the work, 
and Mr. F. L. Winzor for great assistance in the latter portion. 

The University, 

Adelaide. [Received, February 20iA, 1920.] 


XLIII.— Coagulation of Metal Sulphide Hydrosols, 
Part //• Influence of Temperature on the Rate of 
Coagulation of Arsenious Sulphide Hydrosols. 

By JSanendra Nath Mukherjee. 

Certain observations of Linder and Picton (T., 1906, 87 , 1906) 
show that temperature has a very marked and anomalous effect 
on the coagulating power of an electrolyte. It is similar to the 
irregular effect of dissolved hydrogen sulphide observed by the 
author and Sen (T., 1919, 116 , 462). The effect of temperature 
on the velocity of coagulation is undoubtedly of importance for 
the elucidation of the mechanism of coagulation, but, unfortu¬ 
nately, little has been done on the subject. In their work, Linder 
and Picton did not attempt any study of the effect of temperature 
on the rate of coagulation. Moreover, as they employed an un¬ 
sound method of measuring the coagulating power, their results are 
inaccurate, as would appear from the following quotation: “The 
required concentration of the salt is generally diminished by rise 
of temperature. Thus, at 15° and 70^ the volume of 26 -calcium 
chloride was 3*85 and 2*30 c.c. respectively, the latter representing 
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a decrease af 40 per cent. Similar results were obtained with 
calcium nitrate, hydrochloric acid, strontium nitrate, and 
aluminium sulphate. On the other hand, the reverse effect was 
noticed with ammonium chloride, sulphuric acid, and ammonium 
sulphate. Thus, at 13^ and 61°, the volume of A72-ammonium 
chloride was 3*47 and 4*44 c.c. respectively, the latter representing 
an increase of 28 per cent.'" In his experiments, Paine {Proc. 
Camh, Phil, Soc., 1912, 16 , 430) remarks: ''There is no very 
marked change (but slight increase) in the rate of coagulation on 
raising the temperature to 100°.’’ He warmed his sols to hasten 
the separation of what he called "the coagulated portion.” 

Experimental. 

The procedure descril>ed in the former paper (loc. cit.) was 
employed. Colloidal solutions like those studied are always '“ age¬ 
ing,” and the observations should always be simultaneous. The 
data only show the comparative effects of the particular condition 
that is changed. The method used herein is sufficiently accurate 
for the purpose in view, and unless the process of " ageing ” has 
been fully accounted for, there is not much need to make it more 
accurate. However, the method can easily be made instrumental 
and as accurate as desirable, and the author is at present engaged 
in this with a view to elucidate the stability relations of these sols. 

In the case of dilute sols, the mixture of electrolyte and sol was 
continuously kept stirred by jerking the tube with the hand. This 
gives a sharp change for the first appearance of visible particles 
throughout the liquid. For sols rich in sulphide, this was not 
done, for reasons given l>efore (J. Amer, Phem. Soc., 1915, 37, 
2024), and the times for perceptible change and for certain definite 
degree of opacity were noted. 

Five c.c. of electrolyte and 5 c.c. of sol were immersed in a 
beaker containing water, which was suspended inside a thermostat. 
About one-fourth of the length of the tubes remained above the 
surface of the water. In order to minimise the errors in measur¬ 
ing the volumes, the same two pipettes were always used, one for 
the sol and the other for the electrolyte, thus keeping the relative 
volumes constant. This is a necessary precaution to obtain trust¬ 
worthy agreement between different readings. After the liquids 
in the tubes had attained the temperature of the bath (about an 
hour), they were withdrawn, and the electrolyte was added to the 
sol. The teatrtube containing the liquid was then again immersed 
in the water of the beaker. The whole process does not take more 
than half a minute. The tubes were taken up from time to time 
0^6 observed. 
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Different preparatione of the sol were always tried, and at least 
two readings taken. At least four different concentrations of the 
same electrolyte were used. The results are concordant. The 
electrolytes studied were hydrochloric acid, potassium chloride, 
sodiiun chloride, lithium chloride, potassium sulphate, potassium 
nitrate, sulphuric acid, barium chloride, calcium chloride, calcium 
bromide, strontium chloride, magnesium chloride, magnesium 
sulphate, aluminium sulphate, and thorium nitrate. The salts 
were purified samples of the best materials available. 

It is possible that, on heating, the sol undergoes an irreversible 
change. In order to test this, samples of sol and electrolyte were 
heat^ in the bath along with the others, for the same interval of 
time, and were then cooled and the times for the respective 
changes noted. There was no perceptible difference between these 
samples and others which were not so heated, showing that there 
is no irreversible change under these conditions within the limits 
of experimental error. It is necessary to treat the electrolyte 
similarly to see whether there has been any appreciable change in 
its concentration due to loss by evaporation. In general, the 
observations were finished within five hours, and in some cases 
within two hours, after immersing the tubes in the bath. It is 
interesting to note in this connexion that Kruyt and Spek {Kolloid 
Zeitsch., 1919, 26, 1) find that on long-continued boiling of 
arsenious sulphide sols at 100—105®, the size of the particles 
decreases markedly. In the present instance, the temperature 
effect must be explained in terms of a reversible change in the 
quality of the sol in case it undergoes any such change. 

The results show an irregular effect analogous to that noticed by 
the author and Sen with dissolved hydrogen sulphide {loc. cit,). 
The electrolytes can be broadly classified in groups determined by 
their valency. Within each group the results are perfectly regular, 
and, so far as can be judged, the different cations in the same group 
are affected in an equal degree by any given variation in the con¬ 
ditions of experiment. Contrary to the observation of Linder and 
Pioton quoted above, both hydrochloric acid and sulphuric acid 
effect a diminution in stability at higher temperatures. In this 
respect, the hydrogen ion behaves in a different way from the rest 
of the univalent cations. 

With cations of the barium group there is in eaudi case a diminu- 
tion in stability with rise in temperature. The experiments with 
aluminium and thorium salts will be dealt with separately, because 
of certain striking peculiarities. In the following table, a few of 
the data with uni- and bi-valent cations are recorded for oom* 
parison. The times given denote the interval, after mixing the 
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sol and the electrolyte, necessary to produce a definite change in 
the sol. The concentrations refer to end concentrations. As 
stated before, the change in the sol which is observed varies with 
the nature of the sol. The times are strictly comparative only for 
a particular sample observed at different temperatures. The 
observations at different temperatures were made side by side and 
always on the same day. The sulphide contents of the different 
sols are given below. Sol A contains 1*925 millimoles of arsenious 
sulphide. Sols B, 6*, and F have the same sulphide content, 
namely, 14*23 millimoles per litre. Sols />, and I contain 
3*5575 millimoles of sulphide per litre, but sol E contains an equal 
amount of arsenious oxide in excess. Sols H and J each con¬ 
tain 4*8 millimoles per litre. In comparing the different sols, it 
should be remembered that the behaviour of a sol is not determined 
by its sulphide content alone. 


Table I. 

Times required at 
different temp>erature8 

Sol used. 25“. 45*^. 

A. 4 mins. 38 mins. 

B 14 „ 38 „ 

B. 4 „ 10 „ 

C. 1 hr, 51 mins. 3 hrs. 39 mins. 





(U-S-) 





14-5°. 

45°. 

4. Potassium sulphate 

A/7 

D. 

31 mins. 

4 hrs. 2 mins. 

It ^ ♦» 

A/7 

A. 

1 min. 

20 mins. 

6. Sodium chloride... 

3A/40 

F, 

10 mins. 

4 hrs. 42 mins. 

7. Hydrochloric acid 

007385A 

D. 

5 .. 

about 1 min. 

3* t» If 

007385xV 

E. 

4 

„ 11 mins. 

9. Sulphuric acid ... 

008438A 

E. 

40 „ 

23 mins. 

10. Hydrochloric acid 

00733A 

E. 

11 M 

3 », 




28® 

66°. 

11. Barium chloride ... 

A/800 

H. 

5 mins. 

i min. 

12. Calcium bromide ... 

A/800 

H. 

13 „ 

2 mins. 

13. Strontium chloride 

A/800 

H. 

21 .. 

H M 

14. Magnesium sulphate 

A/600 

a. 

7 1 , 

2 


Observations 1 and 2, 1 and 3, and 5 and 6 show clearly that 
the effect of temperature depends on the quality of the sol. The 
conoentration of the electrolyte has also an effect even for the same 
sol. 

It would appear from table I that the extent to which the time 
varies with change in temperature differs with different preparations 
of the sol. For any particular sol, however, the effect of tempera¬ 
ture is approximatdy the same for the different ions within the 
groups referred to atove. 

VOL. oxvn. 


Concen- 

Electrolyte. tration. 

1. Potassium chloride 17.^/200 

2 . „ EftO 

3. M .. A/18 

4. M nitrate A/20 


O 
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Experiments were mode with freshly prepared sols with excess 
of arseniouB oxide, and the results were similar. In all, fifteen 
different samples have been used, and the results were always con¬ 
cordant. The experiments with excess of arsenious acid show that 
the effect of temperature cannot be wholly referred to hydrogen 
sulphide evolved by the decomposition of arsenious sulphide. It 
is true that rise of temperature increases the rate of decomposition 
of arsenious sulphide, but the quantity produced in this way is 
extremely small. Moreover, the rate oi evaporation of dissolved 
hydrogen sulphide also increases. It would appear from what 
follows that the effect of temperature is rather complex, and a 
slight change in the quantity of hydrogen sulphide cannot explain 
it. It may be pointed out that freshly prepared sols have no 
perceptible odour of hydrogen sulphide at any of the temperatures 
investigated, and that the magnitude of the effect observed would 
require a rather marked change in the concentration of dissolved 
hydrogen sulphide. 

With aluminium sulphate and thorium nitrate, more compli¬ 
cated results were obtained. In some cases, an increase of tempera 
ture increases the time, and in other cases the reverse is the ca.se. 
With a particulsur sample of the sol and a particular concentration 
of electrolyte, different readings agreed with one another perfectly. 
On closer investigation, it was found that concentration of the 
electrolyte, as well as the quality of the sol, have to be taken into 
consideration. It must also be remembered that a dilute solution 
of aluminium sulphate ''ages'’ considerably with time, as point€Kl 
out by Powis {Zeitsch. physihal. Chem.y 1914, 89 , 106). The com¬ 
bined effect of “ ageing ” of the sol and the electrolyte will be 
apparent from table II, in which the time for coagulation 
diminishes with 1 064i\^/9000-aluminium sulphate from six and 
a-half minutes to two and a-half minutes eleven days later, but the 
influence of temperature is the same in both cases. 

Table II. 

Electrolyte, Aluminium Sulphate. 


Corresponding times at different 
temperatures. 


Concen¬ 

tration. 

SoJ. 

Room 

temjjerature. 25®. 

45% 

ioe4isr/7ooo 

/ 

3 mins. 2 mins. 

1| mins. 

l*064iS^/9000 

1 

H M -- 

More than 

1 0647^/9000 

(11 days later) 

2i - 

12 mins. 

4 mins. 

1 064^^/10000 

I 

6 „ 

17 „ 

1 064^^/10000 

D 

16 „ — 

3 hrs. 28 mins* 

NjmQ 

J 

> 2 hrs. 41 mins. 57 mins. 

1 hr. 26 mtns. 
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Table III records Bome similar data with thorium nitrate. 
Similar irregularities will be noticed here. It would seem that a 
change in temperature produces independent changes in several 
factors which govern the mechanism of coagulation. 

Table III. 

Electrolyte^ Thorium Nitrate. 


Concentration, Corrtwponding times at different 

in grams of the temperatures, 

crystallised salt ^ ^ 

per litre. Sol. 4"'. 28°. 6°. 

0 025 . A 4 mins. 1 min. 30 secs. More than 

2 hrs. 

0*02 . Ai 11 ,, 28 mins. Not in 12 hrs. 

0 0175 . A, 31 .. Not in 2 hrs. — 


Sols A and are of the same sulphide content, but prepared 
on diflferent dates. 

Experiments with Sols containing Ethyl Alcohol and Phenol. 

Kruyt and Duin {Koll. Vhem. Beihefte, 1914, 5, 269) investi¬ 
gated the effects of adding substances like ethyl alcohol, woamyl 
alcohol, and phenol, which diminish the surface tension (air-liquid 
surface) of water. They used them in concentrations varying from 
3^/50 to 3;V/10. It is needless to point out that in such 
concentrations most of the physical properties of the dispersion 
medium will be altered. Their work has an interesting bearing 
on the results recorded here in so far as they also found that the 
bivalent group of cations act in a different manner from the uni- 
and ter-valent groups. In fact, they observed the reverse effect, 
namely, an increase in stabilisation with the barium group and a 
decrease with the rest. 

Experiments at three different temperatures with potassium 
chloride, barium chloride, strontium chloride, calcium bromide, 
magnesium sulphate, aluminium sulphate, and thorium nitrate 
were mado with sols containing small queuitities of alcohol and 
phenol. 

To a definite volume of a sulphide sol was added a definite 
volume of a solution of alcohol or of phenol of known strength, 
and in a blank experiment water was added in the same ratio. 

With potassium and the bivalent cations exactly the same results 
were obtained as with the ordinary sols, that is, an increase in 
stability with rise of temperature for potassium and a decrease in 
the case of the bivalent cations. The concentration of phenol in 
the sol was about 0*515 gram in 100 c.c., and that of alcohol variecL 

O 2 
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from 5 c.c. to 25 c.c. of absolute alcohol in 100 c.c. of the sol. 
With the small quantities of phenol used, no noticeable change was 
observed from the blank experiment, but vrith alcohol a slight 
decrease in stability for potassium and a slight increase with the 
bivalent cations were noticed. This is in agreement with the 
observations of Kruyt and Duin (loc. dt.)^ but the magnitude of 
the change is small. 

With aluminium sulphate and thorium nitrate, more compli¬ 
cated results are obtained, as is to be expecte^i from the tempera¬ 
ture-effect with the pure sols, and they will be dealt with on a 
future occasion. 

A few selected data are given in table IV. 

Table IV. 

Electrolyte^ Strontium Chloride. Concentraticm,^ N/800. 

Corresponding times. 


0 - 2 ^ 28 ^ 65 ^ 

Sol (with water) . 1 hr. 16 mins. 21 mins. 4^ mins. 

Alcohol present. „ 30 „ 41,, 

Phenol „ . „ 20 „ 3i „ 

Calcium Bromide, N/800 approximately. 

Sol with water . 1 hr. 18 mins. 10 mins. 2 mins. 

Alcohol present. 1 hr. 23 mins. 22 „ 2 „ 

Phenol „ . 1 hr. 16 ,, 13 ,, About 2 mins. 

Maynesium Stdphate, N / 600. 

Sol with water . 35 mins. 7 mins. 2 mina. 

Alcohol present. 34 „ 7 „ 1^ „ 

Phenol „ . 33 „ 6 „ About 2 mins. 


The hydrosol contained 4-8 millimoles of sulphide per litre. 

Discussion of Results. 

The different effects observed for different ions may be referred 
to the eelective nature of the adsorption process to which a diminu¬ 
tion in the charge of the particles of the colloid is due. The 
different results obtained with different concentrations of the same 
electrolyte and with different qualities of the sol show the com¬ 
plicated nature of the phenomena. As the theory of the process 
of coagulation stands at present, the results may broadly be 
attributed to three factors: 

(1) The increase in the number of collisions with increase in 
thermal energy and decrease in viscosity. 
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(2) The increase in the repulsive forces between the particles di^o 
to a decrease in the dielectric constant of the medium. 

(3) Variations in the adsorbability of the different ions present 
in solution which may change {a) the charge of the particles, and 
(6) the adsorbability of the coagulating ions, which necessarily 
means a change in the coagulating power. 

To these must be added any change in the number of the par¬ 
ticles and in the total surface of the colloid that may take place 
with change in temperature. Of these various factors, to which 
tlie complex nature of the results may be attributed, (1) has been 
given a mathematical form by Smoluchowski (Zeitsch. jyhysihal. 
('hem., 1917, 92 . 129); (2) affects all cases equally, and may be 
accounted for clelinitely. Regarding variation of adsorption with 
temperature, Freundlich (Zeitsrh. phydkal. Chem., 1906, 57 , 385) 
gives experimental reasons showing the effect to be slight. This 
seems to be further supported by the experiments of Burton 
(''Physical Properties of Colloidal Solutions,1916, 137), who finds 
that the mobility of colloidal particles of silver is inversely pro¬ 
portional to the viscosity at different temperatures. This wmuid 
mean that the charge is constant. The experimental error in his 
experiments is quite large, and smajl variations are not ruled out. 
Since all the other factors affect the different cases equally, it must 
be concluded that there is a variation in the adsorbability of the 
coagulating ions to account for the different effects observed with 
different ions. As there are several opposing factors operating, it 
is not possible to say whether a decrease or an increase in adsorb¬ 
ability has occurred. If the net result of the other factors is an 
increase in the stability of the sol, that is to say, a smaller number 
of successful collisions, then we have to assume that, in the case of 
potassium or aluminium ions, either (a) the adsorbability has 
decreased, or (5) if it has increased, the increase is quite insufficient 
to oounterbalanoe the stabilising effect due to other causes. 

Similar considerations show that nothing can be said as to the 
direction of change in adsorbability if the net result is in the 
opposite directions. 

In the case of the ions of the barium group and the hydrogen 
ion, it is evident that the change in adsorbability is relatively more 
in favour of instabilisation. 

However, our ideas regarding the mechanism of this adsorption 
are vague and indefinite. Even the fundamental assumption that 
the equality in charge corresponds with a definite rate of coagula¬ 
tion for the different ions is not on very secure ground. There is, 
of course, much experimental evidence in its favour, but direct 
experiments on the migration velocity are few. Indeed, Powis 
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(T., 1916, 109, 734) obtained a markedly different value of the 
contact potential for potassium chloride (0*044 volt) from those 
with other salts (0*026—0*024 volt), corresponding with the same 
rate of coagulation. What is needed is a more detailed examin¬ 
ation of the process of coagulation in all its aspects, and a mathe* 
matical formulation of the assumptions made in the simplest form 
of the theory as developed by Hardy, Freundlich, Bredig, and 
Smoluchowski. 

Summary. 

(1) A rise in temperature has different effects on the rate of 
coagulation, depending on the nature of the electrolyte, the quality 
of the sol, and the concentration of the electrolyte. These effects 
are not due to any irreversible change in the sol. 

(2) The salts of the alkali metals show a stabilisation at higher 
temperatures; the salts of the alkaline earth metals always show a 
diminution in stability, the same being also the case with sulphuric 
and hydrochloric acids. The same results are obtained even when 
the sol contains small quantities of alcohol or phenol in solution. 

(3) With aluminium sulphate and thorium nitrate, the quality 
of the sol and the electrolytic poncentrations determine the effect 
of temperature, and both an increase or a decrease in stability is 
met with, as the case may be. In the presence of traces of alcohol 
or phenol, the results are more complicated. 

(4) Effects of temperature are small compared with the ^ect 
of valency, and show that a change in the adsorbability of the 
different ions must be assumed. 

My sincere thanks are due to Prof. P. G. Donnan, P.R.S., for 
his kind interest in the work and for the facilitiee for carrying it 
out. I have also much pleasure in thanking my friend, Dr, J. C. 
Ghosh. 

University Colxjcge, 

Department or Chemistry, 

London. [deceived, Fthruary 24#/i, 1920.] 
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XLIV .—The Preparation of Halogenohydrins. 

By John Read and Margaret Mary Williams. 

In a previous communication (T., 1917, 111, 240), we have shown 
that when ethylene is passed into cold bromine water, two additive 
reactions occur simultaneously, leading to the production of 
ethylenebromohydrin and ethylene dibromide respectively. As 
the first of these reactions takes place with a greater velocity than 
the second, the method is well adapted to the preparation of 
ethylenebromohydrin in quantity. Thus, from 200 grams of 
bromine reacting in a particular experiment, we were able to isolate 
85 grams of ethylenebromohydrin and 88 grams of ethylene 
dibromide, the corresponding relative percentages of ethylene being, 
therefore, 59 and 41. The bulk of the ethylene thus reacts to form 
ethylenebromohydrin rather than to produce ethylene dibromide. 
Owing to the difficulty of effecting a complete isolation of the 
bromohydrin, the experiments in question are to be regarded as 
qualitative rather than quantitative, and the latter aspect is 
reserved for further treatment. 

In a further study of the reaction we have now found it possible 
to improve the yield of bromohydrin by adopting a modification of 
the original method, to which, incidentally, we have already directed 
attention (loc. cit., p. 243), that is, by increasing the concentration 
of the ethylene, and thus accelerating its gross rate of reaction. 
At the same time, the modified method reduces the concentration 
of free bromine in the liquid to a minimum throughout the 
operation. 

A current of air is charged with bromine vapour by causing it 
to pass slowly through a vessel containing an appropriate quantity 
of the halogen. The gaseous mixture is then passed through a 
perforated glass bulb into ice-cooled water, which is subjected to 
vigorous mechanical stirring throughout the course of the experi¬ 
ment. A second perforated bulb, arranged at a distance from the 
first, admits a regular stream of ethylene into the liquid in the 
form of numerous minute bubbles. Reaction occurs readily under 
these conditions, the bromine being admitted at a rate sufficient 
to maintain at the most a barely perceptible tint in the liquid. 
The operation may be conducted for a considerable time, and 
naturally, in practice, the most effective period will be determined 
by the influence exerted on the reaction by the steadily increasing 
concentration of ethylenebromohydrin and hydrogen bromide in 
the solution. This aspect of the reaction is still under consider- 
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ation, but it may here be noted that in both the original and the 
modified method the process was continued until the solution had 
attained a concentration of somewhat more than 14 per cent, of 
ethylenebromohydrin, determined by direct isolation, the mean 
value corresponding approximately with a 1 • 33iV'Solution of this 
substance. 

The following results of a typical experiment may be quoted, the 
products having been separated in the manner already described 
{lac. cit.y p. 242): using 500 c.c. of water, the amounts of ethylene- 
bromohydrin and ethylene dibromide obtained were 82 grams and 
54 grams respectively, and the amount of hydrogen bromide present 
in the liquid at the end was 69‘7 grams, estimated by titration. 
The relative percentage amounts of ethylene corresponding with the 
above weights of ethylenebromohydrin and ethylene dibromide are 
70 and 30 respectively. It is apparent, therefore, that the modified 
process is superior to the original method in yielding an appreci¬ 
ably higher bromohydrin/dibromide value, the molecular ratio 
being 1*45 in the original method and 2'3 in the modified process. 

As already indicated, the results derived in this manner, although 
useful for purposes of comparison, are not to be accepted as exact 
quantitative values, and possibly a more accurate idea of the 
numerical relationships may be derived from a consideration of the 
distribution of the bromine in the above experiment. Of the total 
bromine accounted for (167’3 grams), 62*7 per cent, was utilised 
in the production of the isolated bromohydrin and 27*5 per cent, 
was converted to dibromide, whilst the residual 9*8 per cent, repre¬ 
sents an apparent excess of hydrogen bromide, the occurrence of 
which may possibly be due in some measure to decomposition of 
hypobromous acid into hydrogen bromide and oxygen. Under the 
conditions now described, however, it seems unlikely that any very 
appreciable loss of halogen would accrue from this cause; the 
apparent excess of hydrogen bromide appears rather to be a con¬ 
sequence of the incomplete extraction of the soluble bromohydrin. 
Accepting this view, that is, adopting the amount of hydrogen 
bromide formed as a criterion of the yield of bromohydrin, the 
distribution of the ethylene in the experiment described above 
would be 75:25, corresponding with a molecular ratio of 3*0 as 
between ethylenebromohydrin and ethylene dibromide. 

Further discussion of these values may conveniently be deferred 
until further data have been accumulated, but the results prove 
that cold bromine water provides a valuable source of potential 
hypobromous acid, and that its application in the manner described 
oj>cns up a very practical and expeditious method of preparing 
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bromohydrins. That this additive reaction is capable of wide 
application is indicated by the resulte of further investigations, 
which, however, for the most part have not yet been completed. 
In the case of cinnamic acid, for example, we have been able to 
show that a similar reaction occurs with great ease, the ratio of 
the respective amounts of cinnamic acid converted to bromohydrin 
and dibromide in a particular experiment being about 5 0 (J. Proc. 
Roy. Soc. N.S. WaleSy 1917, 61, 561). Owing to the comparatively 
high molecular weights of the substances concerned, and also to 
the ease with which the products may be isolated, the final concen¬ 
tration of bromohydrin in the solution was kept in this case quite 
conveniently below 0*2.V; the high value of the bromohydrin- 
dibroraide ratio i.s doubtlessly due partly to this factor. 

From the results we have recorded in the case of bromine water, 
it is evident that chlorine water may similarly be regarded as a 
highly convenient source of potential hypochlorous acid for use in 
the preparation of the corresponding chlorohydrins. Bromine 
rather than chlorine was selected for the initial investigation, 
owing to the reported comparative facility of combination of hypo- 
bromous acid with ethylene (Amialen^ 1866, 144, 40; /. Russ. 
Pkys. Chem. Soc., 1898, 30, 900), and to the greater convenience of 
manipulation. Our anticipation that chlorine water and ethylene 
would react similarly was confirmed by a series of preliminary 
experiments, but, owing to the pressure of other work, the matter 
had to be left in abeyanco for the time being. The continuation 
of this line of our investigation hSvS now been rendered unnecessary, 
owing to the recent publication by Gomberg (J. Amer. Chem. Soc., 
1919, 41, 1414) of the results of a detailed examination of this 
reaction, the principle adopted being that laid down in our original 
paper, whilst the arnountvs of ethylenechlorohydrin produced were 
estimated by means of a refractometric method which appears to 
meet adequately the requirements of this particular case. From 
the results given, it would seem that under comparable conditions 
the reaction in the case of ethylene proceeds somewhat more readily 
with chlorine water than with bromine water, interpolation reveal¬ 
ing that in the preparation of a 1-SS.Y-solution of ethylenechloro¬ 
hydrin, the relative percentage amounts of ethylene converted to 
chlorohydrin and dichloride would be 84 and 11 respectively. 

It may be added that a study of the action of chlorine water on 
oinnamio acrid has also given satisfactory results. The details of 
this last reaction, as well as the results of an extended series of 
related investigations, are reserved for future publication, but we 
may remark in this place that sufficient data have been secured to 

O* 
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indicat^i that both chlorine water and bromine water are capable 
of wide application in the novel and effective method of preparing 
halogenohydrins which we have described. 

Department or Organic Chemistry, 

UKivUReiTY OF SYnifEY. [Beceivedt March 16<A, 1^20.] 


XLV .—The Activation of Wood-charcoal by Heat 

Treatment. 

By James C. Philip, Sydney Dunnill, and Olive Workman. 

The observation that the absorptive power of wood-charcoal is 
notably increased by prolonged heating was made by one of the 
authors in the course of investigations aiming at the improvement 
of defence against poison gas (see Philip, »/. Roy. Soc. Arts, 1919, 
67, 126; Winter and Baker, this vol., p. 319). This fact of activ¬ 
ation by heat treatment has, however, considerable significance also 
from the technical point of view, and, further, raises many interests 
ing questions of a purely scientific kind. The present paper contains 
a brief preliminary record of work carried out with the object of 
elucidating the extent and the mechanism of the activation effected! 
by heat treatment alone, and divides itself naturally into two parts, 
which deal respectively with experiments on the absorptive power 
of wood-charcoal for (.4) sulphur dioxide, (B) methylene-blue in 
aqueous solution. 

A. 

The main series of experiments was carried out with birch-char¬ 
coal, and the stock material was prepared by heating small cubes of 
the wood for three hours at 800^^. The product was broken up and 
screened, the granules which passed through a 0*25 cm. mesh 
(01 inch), but were kept back by 0*125 cm. mesh (0*05 inch), being 
used in the tests. 

For a determination of absorptive power under different 
pressures, a portion of these granules was placed in a Jena-glass 
tube which, by means of a T-piece and appropriate stopcocks, could 
be connected either with a vacuum pump or with a gas-burette 
containing sulphur dioxide and provided with a long pressure 
gauge. The tube with the oharco^ was first exhausted at a dull 
red heat for a short time, and then, on cooling, the charcoal was 
weighed in a vacuum. On putting the glass tube with the char- 
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coal again in position and immersing it in melting ice, the dead 
space (of known volume) between the stopcocks and the glass tube 
was thoroughly exhausted and the connexion with the pump was 
closed. The sulphur dioxide in the gas-burette was then admitted 
to the dead space and the charcoal, and equilibrium was allowed to 
establish itself at a number of diflFerent pressuree, the volume of 
unabsorbed gas for each pressure being read off on the gas-burette, 


Fio. 1. 



with an allowance for the volume of the dead space and the glass 
tube. 

The isothermal volume-pressure relationship thus obtained for 
the original stock charcoal appears in Fig. 1 as the lowest curve 
(marked 0-82). The other curves in this figure are the correspond¬ 
ing isotherms (all at 0°) obtained, in the same way as already 
described, for portions of the stock material which had been heated 
for the different periods indicated. It is clear that, in general, the 
absorptive power of the charcoal for sulphur dioxide is increased 

O* 2 



364 PHILIP, DIJNNILL, AHD WORKMAN*. THB ACTIVATION OP 


by this treatment, but it is equally plain that the duration of the 
heating is not the main factor in determining the degree of 
activation. 

The clue to this factor is to be found in the alteration of the 
bulk density which results from the heating of the charcoal (com¬ 
pare Lamb and others, J, Ind. Eng, Ghem,, 1919, 11, 427; Chem. 
News, 1919, 119, 283). Experimental evidence for this is 
furnished by the figures of the bulk density of all charcoals for 
which volume—pressure relationships are recorded in Fig. 1. A 
glance at the values for the relative bulk density (added in brackets 
at the ends of the corresponding curves) shows that the order of 
activity for birch-charcoals is very nearly the order of the bulk 
density, and is not determined primarily by the duration of the 
heating. The conditions under which the charcoal is heated can 
be widely modified, air being excluded in varying degrees accord¬ 
ing to the method of packing and covering, and it was proved con¬ 
clusively that the greater the facilities for the access of air to the 
heated material, the greater is the decrease of bulk density and the 
greater the increase in absorptive power. Thus, for example, if a 
quantity of the original stock charcoal in the form of granules was 
heated in a crucible for a long period, the portion occupying the 
bottom of the crucible being separated from the rest by a layer of 
asbestos, and being thus better protected against circulation of air, 
it was found that the product from the upper part of the crucible 
had a lower bulk density and was considerably more active than 
that from the bottom. 

The view that the degree of activation is intimately connected 
with the extent to which the charcoal is oxidised during the heat¬ 
ing is strengthened by experiments made with charcoal from which 
air was excluded during the exposure to a high temperature. For 
this purpose, a Jena-glass tube containing a sample of charcoal 
was freed from air by a current of nitrogen, introduced into an 
electrically heated furnace, and sealed up about half an hour later. 
The heating continued for twenty hours, and it was then found 
that both the absorptive power and the bulk density were practic¬ 
ally unaltered. A slight oxidation, even under these conditions, is 
probably unavoidable, for, as Rhead and Wheeler’s work has shown 
(T., 1913, 103, 461), it is impossible to heat carbon without getting 
at least some quantity of the oxides. 

Another interesting feature of the curves in Fig. 1 is the change 
in their character with increasing degree of activation. Whereas 
with the original, comparatively inactive stock charcoal an increase 
of pressure above a certain value does not lead to any marked 
increase of gas absorption, with the most active charcoals there 
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appears to be no such limit: the slope of the volume-pressure curve 
becomes steeper as the activation increases. 

The observations recorded above appear to be capable of a com¬ 
paratively simple explanation—an explanation adopted as a work- 
ing hypothesis by one of the authors (S. D.) during the experi¬ 
mental exploration of the question. According to this view, which 
differs somewhat from that of the American workers already quoted, 
the heating of charcoal results in the widening, by progressive oxida¬ 
tion, of the capillary channels with which the granules are riddled. 
Tn this way, although the external volume of a granule is practic¬ 
ally unaltered, its bulk density is diminished, and the effective 
surface is enormously increased. For a charcoal of low activity, 
which, on this view, has extremely narrow capillaries, the deposition 
of a comparatively shallow layer of gas molecules on the surface will 
block the capillaries and cut them off from further participation 
in the absorption process. Increase of pressure in such a case will 
have very little effect in increasing the absorption, because of the 
very restricted surface left available. In an activated charcoal, 
on the other hand, the capillaries have been opened up, and the 
deposition of additional gas molecules accompanying an increase of 
pressure can proceed along the walls of these internal capillaries 
as well as on the free surface of the charcoal. The limit, therefore, 
of the absorption must lie at a higher pressure than for a charcoal 
of low activity, and this is what is found experimentally. 

If the foregoing interpretation has any basis in fact, then for 
low pressures far from the saturation limit, where the molecules of 
absorbed gas form, presumably, only a shallow layer on the surface 
of the charcoal, there should be but little difference between 
activated and unactivated material, even where a notable difference 
in favour of the activated material develops at higher pressures. 
This conclusion was confirmed by some experiments on the absorp¬ 
tion of (mrbon dioxide by charcoal at 25^, and the results obtained 
with two samples of relative bulk densities 0*82 and 0*57, respec¬ 
tively, are shown in Fig. 2. It appears that the charcoal of lower 
bulk density, although more active at higher pressures, is at lower 
pressures actually somewhat less absorbent than the unactivated 
material. 


B, 

The increase in the absorptive power of wood charcoal for gases 
effected by continued heating is paralleled by a marked increase 
in the power of the charcoal to remove methylene-blue from its 
aqueous solution. 
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For the purpose of comparing the efficiency of different speoimens 
of charcoal from this point of view, a uniform procedure was 
adopted. Each sample to be examined was ground in a mechanic- 
ally-driven agate mortar, and 0*5 gram of the product was then 
agitated ,for three hours on a mechanical shaker with a given 
quantity of a standard methylene-blue solution. Thereafter the 
solution was filtered, and the residual methylene-blue was deter¬ 
mined by titration with titanium chloride. The period of three 
hours was chosen for the shaking because it was found that, 
although slight subsequent adsorption of the dye occurred, by far 
the greater part of the })rocess had been completed in the period 


Fio. 2. 



mentioned. Moreover, the object was to get a measure of the 
comparative activity of the charcoals, and it was therefore not 
considered necessary to carry the adsorption to its limit. 

The magnitude of the activation effect is shown by the figures 
given below, which were obtained with Japanese ash charcoal. The 
wood was first carbonised at 925° for one hour, and a sample of 
the product (0*5 gram, as in all other cases) was tested for its 
decolorising power, as described above. The bulk of the product 
was further heated for eleven hours at 926°, and a sample was 
again examined. The material was heated subsequently for periods 
of sixteen, six, eight, and seven hpurs, in each ease at 830°, a sample 
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being taken and examined at each stage. The results are embodied 
in the following table: 

Total time of heating in hours . 1 12 28 34 42 49 

Percentage of dye removed from 

solution . 0-6 14-7 24*4 42-5 51-8 60-3 

A sample of commercial animal-charcoal, tested under precisely 
the same conditions, removed 17*8 per cent, of methylene-blue, and 
it appears, therefore, that the exceptional activity commonly 
attributed to animal-charcoal can be paralleled, and even surpassed, 
by a heat-treated wood-charcoal. 

Attempts have been made (Glassner and Suida, Annalen, 1907, 
367, 95 ; Knecht and Hibbert, 7. Soc. Dyern and Col., 1916, 32, 
226) to correlate the activity of a charcoal in decolorising solutions 
with its nitrogen content, but the probability of any such relation¬ 
ship must be regarded as exceedingly small in view of the above 
figures for a wood-charcoal. Further, the charcoal prepared from 
pure sucrose can be activated in the same way, as was shown by 
experiments with the original sugar-charcoal employed by Winter 
and Baker (Joe. cit.) in their study of the absorption of sulphur 
dioxide. A sample of this charcoal, tested exactly as has 
been described, removed only 1 per cent, of methylene-blue from 
the standard solution. A portion which had been heated at 870° 
for two hours removed 3-8 per cent., and a portion similarly heated 
for twenty hours removed no less than 45'4 per cent, of the dye. 

The decolorising power of a charcoal appears to be primarily 
determined by its physical structure and its surface development, 
and not by the presence of any specific admixture. The efficiency 
of animal-charcoal itself is a function of the heat treatment it has 
received, and can be increased to a very notable extent. Thus, the 
sample of animal-charcoal which, as already stated, removed 17*8 
per cent, of methylene-blue from solution, removed 69*6 per cent, 
after being heated for eighteen hours at about 800°. Special 
charcoal preparations, such as eponite, exhibit similarly a big 
increase of decolorising power as a result of heat treatment. 

The absorptive power of a charcoal has sometimes been associated 
with the presence of specific inorganic constituents in the ash, but 
the results of certain experiments made with Japanese ash charcoal 
show that this is a factor of very minor significance. The experi¬ 
ments consisted in a comparison of purified and unpurified material, 
both before and after heating. The unpurified charcoal (A in the 
following table), containing 4 45 per cent, ash, was digested with 
hydrochloric acid, then thoroughly washed, and dried. This treat 
ment gave a product, B, the ash content of which was M9 per 
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cent. Tlie activities of A and B, as well as of the products Ai and 
Bjf obtained by heating A and B, respectively, for four hours at 


about 1000°, 

are recorded in the table. 

Percentage of 


Relative 

methylene- 


bulk 

blue removed 


Charcoal. density. 

from solution. 

A .. 

. — 

12-9 

Ai 

. — 

31*5 

B .. 

. 0*66 

13*2 


. 0-47 

33-2 


It is dear that the quantity of the ash makes very little differ¬ 
ence either to the original absorptive power or to the degree of 
activation effected by heating. In harmony, further, with the 
observations recorded in an earlier part of this paper, the increase 
of activity is associated with a diminution in the bulk density. 

As to the temperature at which the wood or charcoal should be 
heated to bring about activation, it appears that it must be 800° 
or above for any rapid improvement to take place. Evidence for 
this is embodied in the following two tables, in which, it should be 
noted, each line of figures refers to a portion of the wood (in the 
form of small cubes) heated independently at the temperature and 
for the period stated. 


Poplar wood at different Poplar and willow heated 

temperatures. for 2 hours. 

r ' ' " . A r ' ~ 

Percentage Percentage 

Tempera- Duration of dye of dye 

ture. of heating, removed. Wood. Temp. removed. 

370° 2 hours. 0-6 Poplar 370° 0*6 

370 6 „ 0-9 „ 860 6-1 

370 17 „ 1 0 .. 1,000 7*6 

860 2 „ 61 WiUow 300 1-6 

860 5 „ 110 „ . 600 1-8 

„ . 860 60 


The variation in the rapidity of activation with the texture of 
the original wood was investigated, and it was found that whilst 
the light woods were activated more rapidly, they were ultimately 
surpassed in activity by charcoals derived from denser woods, such 
as box. So far as the more rapid activation of the lighter woods 
is concerned, the following figures are of interest. The temperature 
of carbonisation was 850° in each case. 


Wood. 

Willow .. 

,, 

Poplar .. 

»» . . 

Box .. 


Time of 
carbonisa¬ 
tion. 


2 hours. 


5 

2 

5 
2 

6 


ip 


pp 

•• 


Percentage of 
methylene- 
blue removed 
from solution. 
60 
18*3 
61 
11*0 
1*2 
2*4 
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Experiments were instituted with the object of finding whether 
heat alone, apart from oxidation, would lead to any change in the 
decolorising power of charcoal, and with this in view, various 
specimens were heated for a prolonged period in a current of 
nitrogen. It turned out, however, to be impossible to heat these 
powdered charcoals without their losing considerably in weight 
and without considerable quantities of carbon dioxide and carbon 
monoxide being evolved. The products obtained in this way by 
heating small quantities of the charcoal at 800^ for twenty-four 
hours were found to have diminished in bulk density and to have 
gained notably in decolorising power, as is shown by the figures 
below: 


Percentage of 
methylene- 

Relative blue removed 

Loss of bulk density. from solution. 

weight, /-*-s .-‘-s 

Charcoal. per cent. before. after. before. after. 

Japanese ash. 34 0-52 0-41 13*0 38*7 

Birch . 27 0*62 0*48 2*6 16 0 

Animal . 46 0*41 0-29 17*4 36*4 


In view of the pertinacity with which oxygen is retained by 
charcoal (see Rhead and Wheeler, T., 1913, 103, 461), it is perhaps 
not surprising that appreciable quantities of the oxides should be 
obtained on heating carbon under the conditions stated, but cer¬ 
tainly the loss of weight and the increase of activity observed were 
much greater than was expected from the corresponding experi¬ 
ments recorded in the first part of this paper. It should, of course, 
be noted that the charcoal was heated as granules in the one case 
and as powder in the other, and it is possible that this explains the 
different activation effects observed. This and numerous other 
points connected with the activation of charcoal by heat treatment 
still require investigation and elucidation, and further experiments 
are in progress with this object. 

Imperial College of Science and Technology, 

South Kensington, 

London, S.W. [Received, March IBih, 1920.] 
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XLVI .—The Composition of Salvarsan. 

By Robert George Fargher and Frank Lee Pyman. 

Commercial salvarsan is prepared by tbe reduction of 3-niiro-4- 
hydroxyphenylarsinio acid by means of sodium hyposulphite, solu¬ 
tion of the base in methyl aloohol containing hydrogen chloride, 
and precipitation of the salt by means of ether (Ehrlich and 
Bertheim, Ber,^ 1912, 46 , 766). 

It is a yellow, amorphous compound slightly variable in chemical 
composition and more so in physical properties; chemically, it is 
generally regarded as 3:3'-diamino4 :4'-dihydroxyar8enobenzene 
dibydrochloride containing combined solvent, but published state¬ 
ments on the details of its composition contain many discrepancies. 

When salvarsan was first introduced into general use, the makers, 
Farbwerke vorm. Meister, Lucius & Briining, stated that it con¬ 
tained about 34 per cent, of arsenic. In 1911, however, Gaebel 
(Apoth, Zeit., 1911, 26 , 216) found that it lost 7-6 per cent, of 
its weight on heating, and contained only 31*2 or 31*8 per cent, 
of arsenic. He communicated these results to Ehrlich, with the 
result that the later circulars of the issuing firm bore the corrected 
statement: '^the arsenic content of the preparation corresponds 
to the formula C] 2 Hi 202 N 2 A 82 , 2 HCl, 2 H 20 .'’ 


The Solvent Content of Salvarsan. 

Ehrlich and Bertheim {loc. cit.) have given the results of analysis 
of a specimen of salvarsan prepared, not by the technical method, 
but by reducing 3-amino-4-hydroxyphenylar8cnious oxide with 
sodium amalgam and acetic add, as follows: 

Found: 0 = 32*63; H=4*06; N = 6*06; As = 31*99; 01 = 1641. 

Oi 2 Hj 202 N 2 A 82 , 2 H 01 ,MeOH requires 0 = 33*1; H = 3*8; N = 6*0; 

As=31*86; 01 = 15*07. 

0 i 2 Hi 202 N 2 A 82 , 2 H 01 , 2 H 20 requires 0 = 30*3; H = 3*8; N = 6*0; 

As = 31*6; 01 = 14*9 per cent. 

On determining methyl aloohol in 2 grains of this sample, th^ 
obtained a ''distinctly positive"' reaction, and this fact, in con¬ 
junction with the percentage of carbon in the compound, led them 
to put forward the first of the above formulae for 3:3'-diamine- 
4:4'-dihydroxyar8enobenzene dibydrochloride prepared in this way. 

Recently, Kober (J. Amer, Chem. Soc,, 1919, 41 , 442) has 
claimed that there is no justification for Oaebel's assumption of 
2 H 2 O in salvarsan, and is dearly of opinion that the combined 
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solvent in ealvarsan, precipitated from methyl alcohol by meaua 
of ether, is methyl alcohol. 

Our experimenta show that this view is erroneous. On analysis 
of two samples of salvarsan precipitated from methyl-alcoholic 
solution by means of ether, we obtained the following figures: 

(A) 0 = 29-5; H = 4-0; 01 = 12*3; 8 = 2*89; As = 30*9; a8h = 0*43; 
loss in a vacuum = 7*6. 

(B) 0 = 29*2; H = 41; 01 = 12*0; 8 = 2*76; As = 310; ash = 0*79; 
loss in a vacuum = 7*7 per cent. 

Determination of the ratio 0 to As gives the results 5*97 to 1 
and 5*89 to 1 respectively, which show that the total carbon content 
of the product is accounted for by the six carbon atoms of the 
benzene nucleus attached to each atom of arsenic. 

These results contradict Roberts assumption that the combined 
solvent in salvarsan consists of methyl alcohol, and are confirmed 
by direct determinations of the methyl alcohol by the method 
described by Simmonds {Anali/st, 1912, 87. 16), and later modified 
by Jones 1915, 40, 218), when percentages of methyl alcohol 

varying from nil to 1*4 per cent, were found.* 

It may be noted here that when salvarsan is precipitated from 
methyl-alcoholic solution by means of acetone, the product contains 
one molecular proportion of acetone, which cannot be removed in 
a vacuum at the ordinary temperature, and, beyond this, the usual 
amount of water which can be removed in a vacuum. The acetone 
was estimated by distilling the compound with water and deter¬ 
mining the volume of A/10-iodine required to convert the acetone 
in the distillate into iodoform,f 

Mean values found: In air-dried substance, acetone=10*9; loss 
in a vacuum = 6*1; in dried substance, acetone=ll*2. 

C| 2 Hi 202 NoA 82 , 2 HCl,C 3 HgO, 2 H 20 requires C 3 HgO = 10 9; 

2H20 = 6*8. 

C, 2 H| 202 N 2 As 2 , 2 HC 1 ,C 3 H 30 requires C3HfiO=ir7 per cent. 

* The method congisted in distilling from an aqueous solution of salvarsan 
(1 in 20 to 1 in 40), half its volume of liquid and determining methyl alcohol 
in the distillate. Experiments on the delicacy of the reaction confirmed the 
figures given by Jones (loc. cf<.), and indicated that in our experiments as 
little as 0*2 per cent, of methyl alcohol, expressed in terms of the salvarsan 
employed, should have been readily detect^. 

t method of estimation is the subject of a recent communication by 
L. F. Qoodwin (J. Amer. Ohtm, Soc,, 1920, 42, 39), who includes a summaiy 
of previous literature. The results confirm our experiments < n the accuracy 
and delicacy of the estimation. 
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The Svlphur Gcmtent of Salvarsan, 

The presence of a consiGiiP'able proportion of sulphur in com¬ 
mercial salvarsan—not disclosed in the reputed formula—calls for 
comment. Ehrlich and Bertheim (Ber,^ 1911, 44, 1264; 1912, 45, 
762) mention that crude salvarsan base, prepared by means of 
hyposulphite, contains inorganic matter and slight quantities of a 
substance containing arsenic united with sulphur, but indicate that 
these impurities are removed by converting the base into the hydro¬ 
chloride. Myers and Du Mez (JJ.S.A, Public Hecith Reports, 

1918, 33, 1003), and Kober {loc, cit.)y have recently recorded the 
bare fact that commercial salvarsan contains sulphur. 

Several years ago the present authors (compare Medical Research 
Committee, Special Report Series, No. 44, Reports of the Special 
Committee upon the Manufacture, Biological Testing, and Clinical 
Administration of Salvarsan and its Substitutes,’' No. 1, p. 8) found 
that commercial salvarsan of both British and German origin 
invariably contained sulphur, of which the amount varied from 
1 to 2 per cent., and, exceptionally, up to 3 per cent. In our 
opinion, the sulphur occurs at least in part in the form of the 
sulphamo-group, •NH*S 03 H. Our reasons for this view are as 
follows: 

(1) It is well known that the reduction of nitrocompounds with 
hyposulphite in alkaline solution leads, sometimes in part and some¬ 
times wholly, to the formation of sulphamic acids of the type 
R-NH'SOgH. Karrer {Ber., 1915, 48, 1061) states that '*nitro- 
carboxyphenylarsinic acid does not give the normal arseno-deriv- 
ative when reduced with hyposulphite, but gives an easily soluble 
substance, probably a sulphamic acid, as has frequently been 
observed in other oases,” Moreover, in the somewhat analogous 
case of 3:5-dinitro-4-aminophenylar8inic acid, an alkali-soluble 
reduction product containing sulphur has been obtained which, on 
treatment with warm acids, yields free sulphur dioxide and salts 
of hexaraminoarsenobenzene (E.P. 8041 of 1913). Although no 
constitution is assigned in the patent, Giemsa {Deut, tned. Woch., 

1919, 46, 95) describes the product as a monosulphamic acid of 
hexa-aminoarsenobenzene, HS 03 -NH-C(iH 2 (NH 2 ) 3 *A 82 *C 6 H 2 (NH 2 ) 8 . 

(2) Whilst Ehrlich and Bertheim's analysis of pure, as distinct 
from commercial, salvarsan shows a chlorine content of 15*4 per 
cent., we have found considerably less chlorine in commercial 
salvarsan of both British and German origin, the content of 
samples taken direct from sealed ampoules varying generally from 
12*6 to 14*6 per cent. It is thus always lower than that calculated 
for Cj 2 Hj 20 £N 2 A 82 , 2 HC 1 , 2 Hj 0 , which requires Cl » 14*9 per oent*| 
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and, moreover, is usually lower than that necessitated by tlie 
neutralisation value (that is, the number of parts of sodium hydr¬ 
oxide required to neutralise 100 parts of salvarsan to phenol- 
phthalein). The difference between the chlorine found on estim¬ 
ation and the quantity corresponding with the acidity of salvarsan 
must be due to some other acid. The fact that salvarsan forms a 
sparingly soluble sulphate led us to test for the presence of sulphate 
in the product, but only negative results, or, at most, indications 
of traces, were obtained. In view of the evidence of the formation 
of sulphamic acids in analogous cases, we believe that that part 
of the acidity of salvarsan which is not due to the hydrochloric 
acid is due to the presence of the sulphamo-group. 

Determinations of sulphur, chlorine, and neutralisation value in 
ten consecutive preparations, with the results deduced from them, 
are given below. They are typical of many others. 

Cl calcu- Whence 





lated from 

Difference 

S as 


s. 

Cl. 

Neut. val. 

neut. val. 

in chlorine. 

NH-SOjH. 

Other S. 

1*7 

140 

16-45 

14 57 

0-57 

0-51 

M9 

1-3 

141 

16 25 

14-40 

0-30 

0-27 

1-03 

1-26 

14 06 

16-35 

14 50 

0 44 

0-40 

0-86 

1-48 

13*5 

16-36 

14-61 

1-01 

0-91 

0-57 

1*30 

13 8 

16-34 

14-49 

0-69 

0-62 

0-74 

1-44 

13-7 

16-42 

14-64 

0-84 

0-76 

0-68 

1-47 

1306 

16-45 

14-67 

1-62 

1-37 

0-10 

1-51 

13-66 

16-47 

14-59 

0-93 

0-84 

0-67 

1-77 

13-23 

16-21 

14 35 

1-12 

1-01 

0-76 

1-74 

13-61 

16-35 

15-50 

0-99 

0-89 

0-85 


The possibility, in the case of salvarsan, of the transformation 
of the sulphamic acid into a true sulphonic acid would seem to be 
precluded by the conditions of the experiment, which, from a study 
of the literature, do not appear to favour the change. 

The formation of an internal imide, R*NH*S02*NH'R, receives, 
at first sight, support from the low neutralisation values sometimes 
encountered, but these are more probably due to partial hydrolysis 
of the dihydrochloride. We have found that reprecipitation of the 
hydrochloride from methyl-alcoholic solution leads to a product 
containing rather less chlorine, whilst the chlorine content, when 
low, is raised by reprecipitation in presence of a further quantity 
of hydrogen chloride. 

Thus, 8-9 grams of 3"nitro-4-hydroxyphenylarsinic add were 
reduced in the usual manner, and the resulting base was dissolved 
in 100 C.O. of methyl alcohol containing T13 grams of hydrogen 
chloride. From a part of the solution, salvarsan was precipitated 
immediately by the addition of ether (fraction .4). To 25 c.c. of 
the remainder a further qiiantity of 0*2 gram of hydrogen chloride 
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was added, and the liquor kept oversight before precipitation 
(fraction B). Both fractions were dried under the same con¬ 
ditions and analysed. Found, in A, Cl = 13‘6; in 01 = 14*9 
per cent. 

Another instance is supplied by a commercial sample of high 
sulphur content. It contained 01 = 12*3; S = 3*l per cent. 
1*2 Grams were kept overnight in 10 c.c. of methyl alcohol con¬ 
taining 0*2 gram of hydrogen chloride, and then precipitated by 
ether. The product contained 13*5 per cent, of chlorine and 2*8 
per cent, of ^phur. 

(3) Many attempts, both synthetic and analytic, were made to 
isolate the compound containing sulphur in acid form. Analysis 
of the commercial hyposulphite employed in the reduction revealed 
the presence of sulphate, sulphite, thiosulphate, and sulphide as 
impurities containing sulphur, these, with the exception of sulphide, 
having been recognised previously by Binz and Sondag (Ber.^ 1905, 
j88, 3830). Increase of the proportion of each in the reduction 
mixture was without material effect on the sulphur content of the 
product, and since it was found that the reduction of 3-amino-4- 
hydroxyphenylarsinic acid with hyposulphite led to a substance 
containing relatively little sulphur (0*34 per cent.), it was con¬ 
cluded that the acidic sulphur originates during the reduction of 
the nitro-group by the hyposulphite, a conclusion in harmony with 
our view of its mode of combination. 

Eventually, however, we found that commercial salvarsan, and 
indeed all specimens prepared by the reduction of 3-nitro-4-hydroxy- 
phenylarsinic acid with hyposulphite, gradually separated to some 
extent from concentrated methyl-alcoholic solution, this property 
being much 1 ms marked in the preparation obtained by reduction 
of the amino-acid by hyposulphite and absent in that prepared by 
the reduction of the amino-acid by hypophosphorous add. Pre¬ 
liminary examination of the precipitates showed that they con¬ 
tained a greater proportion of sulphur than the parent substance, 
and were practically insoluble even in excess of methyl alcohol. 
The isolation of this sparingly soluble portion in a state of com¬ 
parative purity was accomplished with some difficulty. Ten grams 
of a specimen of commercial salvarsan (containing Cl = 13*7; 
S = r0; As=33*0 per cent.) were dissolved in 60 o.o. of methyl 
alcohol and kept overnight in an inert atmosphere. The deposit 
was s^arated oentrifugally, very thoroughly washed with methyl 
alcohol, and dried in a vacuum. It amounted to 0*4 gram of a 
bright yellow powder, somewhat sparingly soluble in water and 
insolnble in methyl alcohol. On analysis, it gave the following 
results; 
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Found: Cl = 6*84; 8 = 6*1; As=30*8*; neutrali»ation value= 
16*5 * 

The combination of a low chlorine content, a high sulphur con¬ 
tent, and a normal neutralisation value prove the presence of acidic 
sulphur. It may be pointed out, further, that the product 
approximates in composition to the monohydroohloride of the mono- 
sulphamic acid of 3 :3'-diamino-4 :4'-dihydroxyar8enobenzene, the 
formation of which would be expected in view of Bertheim’s state¬ 
ment {Chem. Zett.y 1914, 88 , 756) that a mixture of two arsinic 
acids gives on reduction only the unsymmetrical araenobenzene. 

CjoHjgOgNpSASjjjHCl requires Cl = 7*3; 8 = 6*6; A8 = 31*l per cent.; 

neut. val., 16*6. 

The remainder of the sulphur is probably attached to arsenic, 
this mode of combination being indicated by the fact that the 
distillate from an acid solution of salvarsan often contains traces 
of hydrogen sulphide, which can be detected by lead acetate and 
other reagents, whilst 3-amino-4-hydroxyphenylarsenio trisulphide 
(D.R.-P. 253157) appears to give up at least part of its sulphur as 
hydrogen sulphide on boiling with dilute hydrochloric acid. 

It should be remembered, however, that salvarsan has been shown 
to possess some of the properties of a colloid (compare Karrer, i?rr,, 
1919, 62, [.^], 2319), and it is therefore possible that a portion of 
the sulphur unaccounted for by the sulphamo-group may be pi*esent 
in physical association with the compound. 


The Preparation of Z\V-DiaminoA'A^‘dihydroxyareenohenzene 
Dihydrochloride, 

During the progress of the foregoing experiments, it became 
necessary to prepare pure, as distinct from commercial, salvarsan. 

The reduction of 3-amiiio-4-hydroxyphenylarsenious oxide to the 
arsenobenzene by means of sodium amalgam in acetic acid had 
already been described by Ehrlich and Bertheim {loc. cif.), and 
this and several other modifications involving the reduction of 
3-nitroA-hydroxy phenyl arsinic acid step by step were investigated. 

The first series of experiments involved the preliminary reduc¬ 
tion of the nitro-group without affecting the arsinic acid group, 
leading to 3-amino-4-hydroxyphenylarsinic acid. This had been 
accomplished by Ehrlich and Bertheim {loc, cit,) by means of 
sodium amalgam, and we employed this process until it became 

^ Owing to the small amount of substance available these results are only 
approximate. 
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evident that, on repeated use, without elaborate purification, the 
mercury became oontaminatod with arsenic and the yield of the 
amino-acid showed progressive diminution. Several other processes, 
such as cautious reduction with 2 dno in acid solution, reduction 
with ammonium sulphide, and reduction with ferrous hydroxide in 
alkaline solution, were investigated, and eventually we drew 
the conclusion that the most satisfactory method was to treat 
the nitro-acid in cold aqueous alkaline solution with just sufficient 
hyposulphite to reduce the nitro-group (D.R.-P. 224963; Fargher, 
T., 1919, 116 , 982). The crude product was contaminated with 
sulphur, but purification as described by Ehrlich and Bertheim 
{lac, cit,) effected the complete removal of this impurity, an 
important factor in view of our further experiments. 

The reduction of 3-amino-4-hydroxyphenylarsinic acid to the 
corresponding arsenobenzene was readily accomplished by means of 
hypophosphorous acid, as follows: Five grams of the acid were dis¬ 
solved in 25 o.c. of hypophosphorous acid (D 1T5) and 25 c.c. of 
water, OT gram of potassium iodide being added as a catalyst. 
The resulting solution was heated to 60° for two hours in an atmo¬ 
sphere of carbon dioxide, cooled, made slightly alkaline with 10 per 
cent, aqueous sodium carbonate, the precipitated base filtered, 
washed very completely with water, converted into the hydro¬ 
chloride by solution in methyl alcohol containing hydrogen chloride, 
precipitated by dry ether, collected, and dried for several hours 
in a vacuum. The yield amounted to 3*7 grams. The following 
figures were obtained on analysis: 

Found: As=31-8, 31'84; Cl = 14'15; loas in a vacuum~6*38. 

In the substance dried at 60° in a vacuum: 

Found: C = 33'3, 33 0; H = 3*6, 3'4; II=6'5. 

Cj2H|202N2As 2,2HC1 (439 0) requires C = 32'9; H —2*8; N-6-4 

per cent. 

The base dissolved less readily in methyl alcohol containing 
hydrochloric acid than did that obtained by the reduction of 
3-nitro-4-hydroxyphenylar8inic acid with sodium hyposulphite. 
The dihydrochloride, grey or very pale yellow in colour, was less 
readily soluble in water or methyl alcohol than the commercial 
product. Its solution in three parts of methyl alcohol gave no pre¬ 
cipitate on keeping out of contact with air. It decomposed at 187° 
(corr.). 

The reduction of the amino-acid by sodium hyposulphite was also 
undertaken, the product, in most of its propertiee, resembling com¬ 
mercial salvarsan rather than the pure substance. It differed, 
however, considerably in the readiness with which it precipitated 
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from concentrated methyl-alcoholic solution, and contained only 
0*34 per cent, of sulphur. Other figures obtained on analysis 
indicated a normal composition. 

The second series of experiments, conducted by the converse 
j)rocess, namely, reduction of 3-nitro-4-hydroxyphenylar8inic acid 
to 3 :3'-dinitro4 :4'-dihydroxyarsenobenzene and subsequent reduc 
tion of the nitro-groups, was less successful. 

The first stage was readily accomplished by means of hypophos- 
phorous acid essentially as described in D.R.-P. 269886, although 
the somewhat elaborate precautions taken in isolating the product 
to ensure freedom from the corresponding diamine were found to 
be superfluous, since the reduction of the nitro-group by the addi¬ 
tion of potassium iodide to the reduction mixture (D.R.-P. 271894) 
could not be confirmed. 

Owing to its insolubility, dinitrodihydroxyarsenobenzene could 
not be reduced with sodium amalgam in acetic acid solution, and 
although in alkaline solution reduction took place readily, the 
product was unsatisfactory. The base obtained by reducing 
diiiitrodihydroxyarsenobenzene in alkaline solution with sodium 
hyposulphite proved somewhat difficult to filter and wash. The 
hydrochloride prepare<l from it differed but little from commercial 
salvarsan. 

In conclusion, we are glad to have the opportunity of recording 
that this work was carried out in collaboration with the technical 
experts of Messrs. Burroughs Wellcome & Co., and to thank 
especially Dr. H. A. D. Jowett and Mr. F. H. I^ees. F.I.C., for 
their valuable help and advice in the course of the work. 

The Wklt.come Chemical Research Laboratories, 

I ONDON, E.C. 1, [Pfcftrfd, March 1920.] 


XLVII .—The Solubility of Potassium Bromide in 
Bromine Water. 

By Alfred Francis Joseph. 

In a paper communicated to the Society in 1913 (T., 103, 1654), 
figures were given for the solubility of potassium bromide in nitro¬ 
benzene solutions of bromine. It was there shown that whereas 
this salt is practically insoluble in pure nitrobenzene, a considerable 
amount could be dissolved in the presence of bromine, owing to the 
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formation of the readily soluble tribromide, for the existence of 
which colorimetric evidence was adduced. 

In continuation of these experiments, a study of the correepond' 
ing aqueous solutions (saturated with respect to potassium bromide) 
was commenced. This work was, however, interrupted five years 
ago, and as it is not likely to be resumed, the results obtained are 
now published. 

Solutions saturated with respect to bromine have been studied 
by Worley (T., 1905, 87, 1107) for potassium bromide and by Bell 
and Buckley (7. Amer. Chem. Soc.y 1912, 34, 14) for sodium 
bromide. For solutions of moderate concentration, the solubility 
of bromine was found to be greater in bromide solutions than in 
pure water by approximately one gram-molecule of brfunine for 
each molecule of bromide, and it was shown that this is in accord¬ 
ance with the formation of a tribromide. In the case of concen¬ 
trated solutions of sodium bromide, however, the ratio of additional 
bromine to bromide rose to nearly 2*6:1, indicating the formation 
of a higher polybromide. 

In the experiments now recorded, the solubility of potassium 
bromide in bromine water was determined by shaking bromine, 
water, and an excess of potassium bromide in 250 c.c. stoppered 
bottles in a 50-litre thermostat provided with a Noyes shaking 
arrangement for twenty-four hours, the temperature being main¬ 
tained at 32*4 ±0*02®. 

Solubility of Potctssium Bromide in Water, —Several results for 
the solubility of potassium bromide in water are given in the litera¬ 
ture, but they differed sufficiently to make its redetermination 
worth while at the exact temperature at which these experiments 
were to be made. 

Kahlbaum’s beet potassium bromide was used, without further 
purification beyond drying at 150®. It showed only a trace of 
chloride (less than 0*06 per cent.) when tested by Caven^s method 
of distillation with nitric acid (/. Soc, Chem. Ind.y 1909, 28, 606). 
The determination was carried out as usual, and the results, ex¬ 
pressed as grams of potassium bromide dissolved by 100 grams of 
water, were: 


(o) 72-53 (6) 72-67 

(c) 72-68 (d) 72-47 


Mean ... 72*66 


The figure given in Seidell’s “ Dictionary of Solubilities,” 
obtained by interpolation between 30® and 40®, is 71*8. Coppet 
{Ann, Chim. Phye,, 1883, [v]; SO, 416) and Etard (Compt. 

1884, 08, 1432) found that the solubility of potassipm bromide was 
a linear function of the temperature; according to the formula of 
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the former, the result at 32*4® should be 71*06, and according to 
the latter 73*43; the value here recorded is very nearly the mean 
of these. 

SokibHity of Potansium Bromide m Bromine Water .—In these 
experiments, a portion of the solution was dropped into a flask 
containing concentrated potassium iodide solution, the flask and 
contents being weighed before and after the addition of the 
bromine-bromide solution. The iodine liberated was determined 
by titration with sodium arsenite solution standardised against pure 
iodine. The remainder of the solution was then transferred to a 
warm cylinder in the thermostat and its density determined 
approximately by means of the Weetphal balance; the figures are 
probably correct to ±0*0003. 

The results are given in the table below. 


Grams of 
bromine per 
1000 grams 
of water. 

Grams of 
potassium 
bromide per 
1000 grams 
of water. 

Density. 

Grams of 
bromine per 
litre. 

Grams of 
potassium 
bromide per 
litre. 

0*0 

725*6 

1*3917 

0*0 

585*1 

24*0 

733*9 

1*4063 

19*2 

587*1 

32*1 

738*2 

1*4070 

26*6 

586*7 

39*6 

740*7 

1 4132 

31*4 

588*0 

74*3 

750*2 

1*4356 

58*4 

589*9 

120*9 

764*3 

1*4633 

93*8 

593*2 

137*2 

771*1 

1*4763 

106*1 

596*2 

229*7 

801 3 

1*6236 

172*3 

601*1 

382*1 

845*9 

1*5980 

274*1 

606*7 


ResidU .—The numbers in the first two columns are related by 
the straight line formula: increased solubility of potassium 
bromide = one-third of the bromine concentration. 

If A and B are the total molecular concentrations of bromide 
and bromine per 1000 grams of water, and S is the solubility of 
bromide in water alone, the equation is 

{A ^S)IB^0A1. 

The actual values of the fraction found for the eight deter¬ 
minations are: 


0*60 0*53 0*44 0*44 

0*53 0*46 0*45 0*42 


Mean 


0*47 


The corresponding ratio for nitrobenzene solutions was found to 
vary from 0'53 to 0*32, indicating a much less close agreement with 
a linear relationship. 

If there were no disturbing factors, the ratio should be calculable 
as follows, on.ihie assumption that the increase of solubility is due 
to the formation of potassium tribromide. 
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In th© dissociation equation for the tribromide, 

A(KBr3) = (KBr)x(Br2), 

the concentration of the free bromide is constant (S) as the solu¬ 
tion is saturated with respect to it; that of the tribromide, obtained 
by subtracting th© former from the total concentration of bromide, 
is A --Sy and th© free bromine by subtracting this last from the 
total concentration of bromine, that is, -0 —(^4 — *.9), so that 
k(A--S)=:^S(B-A+S), or (A ~S)/B = S/(k +S), a constant. 

For nitrobenzene solutions, k and S are very small, and neither 
is known, so that this constant cannot be evaluated. For aqueous 
solutions, S is 6*1 and k, determined by various methods, about 
0*05 (Roloff, Zeitsch. physikal. Chem.y 1894, 13 , 327; Worley, loc. 
dt.; Joseph and Jinendradasa, T., 1911, 99 , 274), so that 
SI (K + S) is a little less than unity. 

If this held, nearly on© gram-molecule of bromide should pass 
into solution for every gram-molecule of bromine present. Th© 
fact that th© actual amount dissolved is only about half a gram- 
molecule shows clearly enough that a disturbing factor is present, 
but whether it is reduction of solubility of potaasium bromide in 
water by th© common ion of potassium tribromide, or th© hydration 
of bromine, causing a reduction in the amount of free bromine, 
or some other cause, has not been investigated. 

Very Concentrated Solutions .—It was hoped to extend these 
experiments to th© study both of very dilute and of very concen¬ 
trated solutions. Preliminary work on th© latter was carried out 
as follows. 

About 250 grams of potassium bromide, about the same weight 
of bromine, and enough water for the experiment (th© amount in 
diflFerent experiments varied from 5 to 100 c.c.) were left in a 
stoppered bottle for a few days at th© ordinary temperature (28°), 
after which th© heavy, dark liquid was filtered through glass wool 
and analysed. 

Th© results of two such experiments are given below. 


Percentage by Grams per 1,000 Grams per litre 

weight. greuns of water. of solution. 



Water. 13-5 fi-4 1000 I 1000 347 154 

Bromide. 28*4 15*1 2104 2796 738 432 

Bromine. 58*1 79*6 4304 14720 1511 2274 

Density . 2*696 2*860 ^ _ 


Potassium bromide appeared to be quite insoluble in pure 
bromine, and it must therefore be concluded that the water is 
entirely responsible for keeping these large quantities in solution; 
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the limit of solvent capacity of the water, even when it constitutes 
only 6 per cent, of the solution, has not been reached. 

So far as the volume concentration (grams per litre of solution) 
is concerned, the maximum for the bromide has been passed before 
the water is reduced to this extent; the concentration of bromine 
corresponding with this maximum must lie somewhere between 
200 and 2000 grams per litre. 

Conclusion. —(a) The solubility of potassium bromide in water 
is increased by the addition of bromine. For moderate concentra¬ 
tions, about half a gram-molecule of bromide is dissolved for each 
gram-molecule of bromine added to the water. 

(6) The limit of the solvent capacity of the water was not reached 
at bromine-concentrations of more than 2000 grams per litre. 
There is, however, a maximum volume-concentration of bromide, 
the corresponding bromine-concentration being somewhere between 
200 and 2000 grams per litre. 

These experiments were carried out in 1914—1915 at the Ceylon 
Medical College, and my thanks are due to Mr. W. N. Rae for 
kindly making the measurements with the hydrostatic balance. 

Wellcome Tropical Reseaboh LaborATOB iat, 

Khartoum. [Received, Febmary 2nd, 1920.] 
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War Experiences in the Manufacture of Nitric Add 
and the Recovc't'y of Nitrous Fumes, 

A Lecture Delivered before the Chemical Sooietv on 
December 18th, 1919. 

By James Walker. 

I 

I NEED not say how greatly honoured I feel by the invitation of 
the Council to deliver one of the lectures connected with the War 
which are to be given in the present session. The title of my 
lecture is that suggested by the Council, and the expmences I am 
about to relate are my own, or rather those of my colleagues, for 
my part was largely that of an interested spectator. These experi¬ 
ences, however, must have been to a great extent shared by all 
those engaged on the same problems. I therefore make no claim, 
on behalf of myself or my colleagues, for any novelty of process 
or method; indeed, one of the most pleasing features of the 
explosive manufacture during the war was the pooling of results, 
whereby each factory derived the benefit of the experiences, not 
only of other factories, but of the Research Department of the 
Royal Arsenal, Woolwich, and later also to some extent of the 
Munitions Inventions Department. 

In the early spring of 1915, when the dearth of high explosives 
was the occasion of public outcry, we in the Chemistry Department 
of Edinburgh University felt that we might do something to 
utilise local supplies for the production of trinitrotoluena The 
War Office was approached, and the suggestion was favourably 
received by Lord Moulton, the Director of Explosives Supply, to 
whom we owe most grateful thanks for constant encouragement 
and help in our enterprise. A company, named the Lothian 
Chemical Company, which consisted of Dr. A. C. Gumming, Mr. 
J. W. Romanes, and myself, was formed to execute a contract for 
the supply of 150 tons of T.N.T., without the use of fuming 
sulphuric add, within a spedfied time, and work was begun 
in April, 1915, in a disused chemical factory. The manage¬ 
ment and staff of the factory were recruited from teachers, 
graduates, and undergraduates of the University Chemistry 
Department. The first dispatch of T.N.T. was made in October, 
1916, and the contract was completed well within the spedfied 
period. Further contracts followed, but as the factory was 
"incapable of any great extension, and was, besides, unsuit- 
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ably siboatad in a populous diatricb, wo agreed to undertake 
for the Ministry of Munitions the erection and management of a 
larger factory in the outskirts of the city, known as H,M. Factory, 
Craigleith. This factory was originally designed to produce 30 tons 
of T.N.T. per we^, but during construction was expanded to 
manufacture 60 tons weekly. Production was begun in March, 
1917, and by July of the same year 30 tons weekly were being 
delivered. The manufacture of T.N.T. in the original factory 
was then discontinued, and the works, after considerable delay, were 
turned over to the manufacture of calcium nitrate. At the date 
of the armistice, H.M. Factory, Craigleith, was producing as a 
maximum 60 tons of T.N.T. weekly. 

In this country, sodium nitrate from South America was prac¬ 
tically the only source of nitric acid and other nitrates. With the 
progress of the war, however, the consumption of nitrates con¬ 
tinually augmented, and the difficulty of importing nitrate from 
overseas increased owing to the lessened freightage and submarine 
risks. It became therefore of the utmost national importance 
first to economise nitric acid by carrying processes of recovery to 
the highest possible point of efficiency, and secondly to find home 
sources of nitrates. It may be said that the first problem was 
adequately solved, but the solution of the second was only in its 
initial stage at the conclusion of the war. 

Manufsoture or Nitric Acid. 

1. From Sodium Nitrate. 

The method we adopted for the manufacture of T.N.T. was a 
two-stage process, toluene being nitrated first to a degree inter¬ 
mediate between mononitrotoluene and dinitrotoluene, the product 
being thereafter fully nitrated to trinitrotoluene by the use of 
concentrated nitric acid and concentrated sulphuric acid. The 
residual adds from the final process were employed in effecting 
the first nitration. The nitric add used was made in the customary 
way from sodium nitrate and sulphuric add, and was collected at 
different strengths, according to the requirements of nitration. 
Thus at one period seven-tenths of the nitric add was collected as 
84 per cent., and three-tenths as 70 per cent., add; towards the 
end of the war nine-tenths was collected as 90 per cent, 
add and one-tenth as 60 per cent. add. The concentration of 
sulphuric add employed was generally 92 per cent., 2*6 tons of 
this add being used for a charge of 2*75 tons of crude sodium 
nitrate. The distillation occupied about fifteen hours, but was cm 
occasion carried through in eight. The nitre cake from the stills 
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contained, on the average, 28 per cent, of potential sulphuric acid 
and only a trace of nitrate. The loss in manufacture was from 
5 to 6 per cent. 

[Slides of the plant employed were exhibited, and attention was 
directed to the valuable work of the Thermal Syndicate in supply¬ 
ing the silica condensing spirals and connexions, which greatly 
facilitated the manufacture.] 


2. From Ammonia, 

Catalytic oxidation of ammonia by Ostwald’s method was the 
most readily available process for the production of nitric acid and 
nitrates from home material. Of this process we had a brief and 
incomplete experience, owing to delay in its adoption on a manu¬ 
facturing scale. 

When ammonia is oxidised by air on the surface of a solid 
catalyst, such as platinum or ferric oxide, the following main 
reactions take place: 

I. 4NHs+302=2N2 + 6H20. 

II. 4NH8 + 502=4N0 + 6Hj0. 

[Experiments with a platinum wire catalyst were shown which 
illustrated the prevalence of one or the other reaction according 
to the proportion of ammonia and air taken.] The concentration 
of ammonia in the ammoniar-air mixture which gives the most 
favourable results with platinum lies between 10 and 12 per cent., 
variations within this limit affecting the yield of nitric oxide but 
little. On a small scale, a yield of 97 per cent, of the theoretical 
quantity of nitric oxide was obtained. 

The source of ammonia which we employed was 25 per cent. 
pul*iffed ammonia liquor, from which the gas was liberated by 
steam in an ammonia still of the rectiffer type. The ammonia 
gas was passed through a cooler, then through an iron oxide purifier 
to remove sulphur compounds, and was finally mixed with air, 
which was supplied by a blower and measured by passage through 
a meter. The amount of ammonia in the mixed gases was regu¬ 
lated by the feed of ammonia liquor to the still. Thorough mix¬ 
ing was effected in a chamber provided with baffle plates, and the 
proportion of ammonia in the mixture was checked by analysis as 
occasion required. In CHrder to protect the platinum catalyst from 
dust, and especially from particles of iron rust, which greatly 
lower its efflciency, the air-ammonia mixture before entering the 
converter was filtered through a box containing slag wool or glass 
wool. 
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The converter containing the catalyst was of the type suggested 
by the Munitions Inventions Department.* It consisted of a 
square aluminium box of 30 cm. side, built in sections, and con¬ 
nected by pyramidal adapters to aluminium tubes conveying the 
gases from beneath and leading them off above. Across this 
aluminium box was placed horizontally a screen of platinum wire 
gauze of 32 meshes to the cm., the diameter of the wire being 
0*06 mm. 

Trials were made with one, two, and three successive gauzes in 
close proximity to each other, but no definite conclusion as to the 
best arrangement had been drawn before stoppage of the opera¬ 
tions. The catalyst, activated by previous heating, was warmed 
at one spot by means of a flame. The heat produced by the 
catalytic oxidation at this spot gradually spread and raised the 
temperature of the whole gauze xintil it reached 650^ to 700°, when 
it remained steady. The time taken by the gases to pass through 
one thickness of gauze was of the order of one-thousandth of a 
second, and the temperature of the gases passing from the con¬ 
verter was about 400°. The impurities in the by-product ammonia 
used seemed to have little effect on the catalytic activity of the 
platinum. 

The next operation was to convert the nitric oxide thus pro¬ 
duced into nitric acid by means of atmospheric oxygen and water: 

4NO - 1 - 3 O 2 + 2 H 2 O = 4 HNO 3 . 

The hot gases issuing from the converter were first passed through 
wide silica S'pipes cooled by a stream of water, and then through 
pipes of narki metal (iron-silicon alloy) completely immersed in 
water. The temperature was thereby reduced to about 30°, and 
the gases passed into the oxidation and absorption towers, which 
were in principle the same as those used in the recovery of nitrous 
fumes, to be described in the next section. The first absorption 
towers were acid towers, and these converted the great proportion 
of the nitrous gases into nitric acid. The final towers were fed 
with milk of lime, which yielded the remaining oxidised nitrogen 
as a mixture of calcium nitrite and nitrate. This mixture was 
returned and fed, along with water, to the first towers in order 
that the nitrite it contained might be converted into nitrate by 
means of the nitric acid formed in these towers, the nitrous fumes 
evolved passing further along the series and being subject to 
further oxidation. The nitric acid ultimately collected from the 
acid towers was converted by neutralisation with milk of lime into 

• A description and figure of a smaller type may be fotmd in a report of 
the Ministry of Munitions entitled ** The Oxidation of Ammonia Applied to 
Vitriol Chamber Plants,** London, 1919. 

vpL. oxvn, p 
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calcium nitrate, wkioh was finally concentrated to the required 
extent in evaporating pans. At the date of the armistice we had 
only passed out of the experimental stage and begun large-scale 
production, 30 tons in all having been made. 


RficovEi^y OF Nitbous Fumes. 


The question of economy of nitric acid in the production of 
T.N.T. is largely dependent on the recovery of nitrogen contained 
in the waste acid of the nitrating process in a form suitable for 
its return to the process. The practical importance of the recovery 
may be estimated from the following table, which exhibits the 
amount of nitric acid used for the production of 1 ton of T.N.T. 
and illustrates the continued improvement of the recovery: 

June, 1917 (no recovery). 1*27 tons 

December, 1917 . 1*19 „ 

June, 1918. 1*05 ,, 

September, 1918 . 0*956 ,, 


Without recovery, one third more acid was required per ton of 
manufactured product than with effective recovery. 

The first section of the recovery plant [which in the lecture was 
illustrated by numerous slides] consisted of denitrators, various 
types of which were tested, that finally adopted being on the prin¬ 
ciple of a. rectifying still. Each denitrator was constructed of 
acid-resisting brick, was square in section, and was divided into 
six compartments by finely perforated earthenware plates (malt¬ 
ing tiles), through each of which passed a wide overflow pipe 
dipping into the acid of the section beneath. The waste acid 
from the settling tanks was fed to the topmost section, and the 
denitration was effected by steam introduced into the lowest s€>ction. 
The steam passed upwards through the small perforations, and thus 
bubbled through the acid lying on the plates, heating and diluting 
it and depriving it of the nitric acid and nitrous compounds which 
it contained. The acid as it accumulated on each plate flowed 
downwards through the wide overflow pipe. No air was used in 
the denitration. Three units were employed, which together 
recovered 2 tons of nitric acid per day. The average percentage 
composition of the waste acid entering and leaving the denitrator 
was as follows; 


Waste acid 
Denitrated cwiid 


Sulphuric Inorganic nitrogen, 
acid. calculated as nitric acid. 
.. 69*8 6-34 

•* 0*1 (znaximum) 


The demtrated acid passed to sulphuric acid concentrators, and 
the gases from the denitrators to silica cooling spiraU, which oon- 
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deused the issuing steam and nitric acid to a dilute nitric acid 
solution, afterwards fed to the recovery towers. The cooled, un- 
condensed nitrous gases passed into wide earthenware mains, in 
which they were mixed with excess of air. The mixture was then 
led into a large brickwork chamber to afford time for oxidation to 
take place. Thence the gases passed to a series of six recovery 
towers, 90 cm. in diameter and 5 m. high, packed with earthen¬ 
ware rings to secure proper distribution of liquid and gas. In 
each tower the gas entered below and met the descending liquid. 
The solution withdrawn at the foot was raised by means of Pohle 
air-lifts to a distributing vessel at a level above the top of the 
towers. From this the solution could be passed once more down 
the same tower, or on to the next tower of the series, in any 
proportions that might be desired. 

This arrangement conferred a flexibility on the plant which was 
found useful. What strikes an academic chemist when he first 
comes into contact with works plant is its rigidity. He is accus¬ 
tomed to adaptable glass and rubber, and meets with inflexible 
metal and earthenware. A plant is usually designed on the 
assumption that the process will always go right—an assumption 
by no means well founded. Occasionally things go wrong, or a 
variation has to be made in the mode of working; then the rigidity 
of the plant shows its undesirable features. Alternative con¬ 
nexions may often without difficulty be introduced to obviate this, 
and even glass and rubber may find suitable employment on a 
works scale. 

The series of towers was worked on the counter-current principle, 
the nearly exhausted gas coming into contact in the last tower of 
the series with dilute nitric acid from the denitrator condensers, 
to which water was added as required. The total free volume of 
the towers with their wide connecting pipes was about 28 cu. 
metres, and the time occupied by the gas in passing through the 
series was about five minutes.* Induced draught secured the 
steady flow of gas through the system. Cooling the liquids (and 
consequently the gases) as far as possible was of prime importance 
in the recovery, and this was largely effected in the air-lifts. The 
issuing gas contained 8 to 10 per cent, of oxygen. The nitric 
acid solution obtained at the base of the first tower varied between 
54 and 62 per cent., in accordance with the requirements of the 
nitration process, to which it was returned. The recovery by 
means of this system of denitrators and towers was more than 

* Compare an article on “The Theory of Absorption Towers for Nitric 
Acid Manufacture,** by J. Partington and L. H. Parker (J. S(k. Chem. InU, 
1919.88, 715). 
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93 per cent, of the inorganic nitrogen delivered to the denitrators 
in the waste acid. 

The following table shows the destination of the nitrogen supplied 
to the T.N.T. plant as sodium nitrate, the figures being for the 
month of September, 1918: 

Loss in nitiato bags, handling, etc. ... 0*98 per cent. 

Loss in manufacture of nitric acid ... 5*42 „ ,, 

Loss in nitration, washing, and packing... 9*91 „ „ 

Loss in denitration. 2*03 „ ,, 

Total loss ... 18* 34 per cent. 

Sent out in T.N.T. ... 81*66 „ „ 

100*00 per cent. 


We were greatly pleased to receive in November, 1918, com¬ 
munications from the Department of Explosives Supply stating 
that the figures in nitrogen economy during the two months of 
September and October constituted a record for the country, and 
asking us to congratulate the staff on the result, in whicffi con¬ 
nexion I especially desire to mention the name of the Chief Chemist 
at Craigleith, Mr. Donald Grant. The figures quoted by no means 
exhausted the possibilities of economy, and it is certain that if the 
production had continued, an immediate further saving of at least 
2 per cent, would have been effected, the alterations on plant 
necessary to secure this being practically ready at the date of the 
armistice. 


If I may draw a moral for the academic chemist from our ex¬ 
perience, it is (hat he need not fear to enter chemical industry 
provided he has common sense, energy, a competent knowledge of 
his subject, and a willingness to co-operate with engineers and men 
of technical experience. These qualities suffice for any chemical 
routine manufacture, and if he is possessed, in addition, of far¬ 
sightedness and a spark of imagination, he may, I think, venture 
with confidence on novel methods and new chemical industries. 
I am, of course, only speaking of the manufacturing side of the 
problem; the business side is of equal or greater importance. In 
Edinburgh we had no commercial difficulties; our supplies and our 
m^ket were alike assured. Business training and collaboration 
with business men is on the part of the directing chemist essential 
ii tne enterprise is to be a commercial success. 

There is I think, at the moment a current, or perhaps an under¬ 
current, of belief that with the establishment of resirch labora¬ 
tories in connexion with the various industries of this country all 
will necessarUy be well with those industries. This opinion^ do 
not share. Research laboratories, although indispensable, are not 
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in themselves sufficient to secure success in the chemical or any 
other manufacture. The admirable research laboratories of the 
German chemical works should, to my mind, be regarded rather as 
a noteworthy feature of the general excellence of German scientific 
business organisation than as the prime cause of success of the 
German chemical industry. 


XLVIII .—The Influence of Podtioyt on thr Boiling 
Points of Isomeric Benzene Derivatives, 

By Nevil Vincent Sidgwick. 

In a previous paper (Sidgwick, Spurrell, and Davies, T., 1915, 107. 
1202 ) it was shown that whilst the curves of solubility in water 
of the three creeols, and similarly (above their triple points) those 
of the three toluio acids, lie very close together, the relations are 
quite different with the three nitrophenols, the ortho-compound 
being far lees soluble than either of the other two, the solubilities 
of which are almost identical. It was suggested that this might 
be due to some intramolecular rearrangement taking place either 
in the ortho- or in the meta- and para-nitrophenols, so that they 
are not really all of the same type; since the behaviour of the 
cresols and the toluic acids showed that, where such rearrangement 
is impossible, or at least improbable, the influence of position on 
the solubility is very small. It was further pointed out that this 
abnormality of the nitrophenols extends also to the boiling point, 
the ortho-compound boiling some 80° lower than the para-, whereas 
the normal difference in boiling point between position-isomerides 
does not exceed a few degrees. It is remarkable that it is the 
more volatile compound which is the least soluble in water, although 
one would expect the reverse to be the case. 

It is obviously of interest to inquire how far this abnormality 
of behaviour, with respect to solubility and vapour pressure, 
extends, and especially to determine how its occurrence is related 
to the chemical nature of the substituent groups. As regards the 
solubility, the data afforded by the literature give comparatively 
little assistance; but the boiling points have been recorded for a 
large number of benzene derivatives, and their examination leads 
to results of some interest. 

In order to avoid error due to unconscious selection, all the 
boiling points of di- and poly-ddrivatives of benzene given in the 
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last edition of Riditer^s Lexikon were collected and classified 
according to the chemical nature of the substituents. Their use 
is considerably restricted by the absence of any agreement among 
chemists as to the pressure (other than atmospheric) at which boil¬ 
ing points should be observed, and the impossibility of applying 
any temperature-correction amounting to more than a few degrees. 
Even so, there remain some 500 sets of isomerides the boiling points 
of which are recorded under comparable conditions. The numbers 
are, of course, liable to considerable errors; the temperatures are 
frequently uncorrected, often the isomerides have been examined 
by different observers at different times, and it is likely that in 
some few instances much larger errors may have been introduced 
by the incorrect identification of the compounds investigated. 

In spite of these difficulties, the analysis of the data shows in a 
sufficiently striking manner that the differences in the boiling points 
of isomeric derivatives vary over a wide range, and that their 
magnitude is closely related to the chemical nature of the sub¬ 
stituent groups. . 

The simplest way of expressing the results is by means of the 
'' greatest difference,'' that is, the largest difference in degrees 
between the boiling points (under the same pressure) of any two 
of the three isomerides. Taking the substituents which are least 
likely to undergo rearrangement.—^the alkyl and alkylene groups— 
it is found that among the di-derivatives, out of fourteen examples, 
the maximum value of the greatest difference is 19^'and the mean 
7*6^, or, excluding two instances, the maximum is 13^ and the mean 
5-8°. Among the tri-dedvatives, we find: out of 7, maximum 18®, 
mean 7*0®, or, excluding one, maximum 11®, mean 5*2®. 

We may therefore assume that a change in the position of an 
alkyl group does not alter the boiling point by more than 10®. 
This enables us to extend the basis of our induction by including 
those tri-derivatives in which one at least of the substituents is an 
alkyl or alkylene group, since the position of this group will have 
little effect on the boiling point. 

The following tables are drawn up on this principle. In table I 
the two substituents are given first, then the number of sets of 
isomerides coming under this head, then the maximum and mean 
values of the "greatest differences" in boiling point. This is then 
given for the tri-derivatives, it being understood that the third 
substituent is always an alkyl group. When two sets of figures 
are given under one heading, the second is arrived at by excluding 
one or two extreme values, as being probably due to experimental 
error. In table II the results for the di-derivatives are summarised, 
the mean values alone being quoted. In this table a class of com- 
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pounds with two different substituents occurs twice, once under 
each of its two groups. 

The abbreviations mostly explain themselves. “Aik.’' stands 
for an alkyl or alkylene group; “NHX” for an amine group with 
one substituent other than an alkyl. 


Table I. 




Di-derivatives. 

Tri - d eri vati ves . 

Substituents. 

No. 

Max. 

Mean. 

No. 

Max. 

Mean. 

Aik. : Aik . 

14 

19“ 

7-6° 

7 

18° 

7-0° 


12 

13 

5-8 

6 

11 

5*2 

Aik. : Ester . 

8 

22 

81 

3 

11 

5-0 


7 

10 

60 

— 

— 

— 

Aik. : Ether . 

. 25 

23 

7*9 

6 

23 

11-5 


24 

11 

7-3 

4 

12 

60 

Aik. : Halogen . 

12 

14 

6-3 

13 

11 

6-3 

Aik. : CH . 

6 

15 

100 

4 

13 

9-2 

Aik. : C„H2„-0H . 

3 

7 

60 

2 

13 

90 

Aik. : SH . 

1 

— 

20 

2 

5 

3*5 

Aik. : NH, . 

6 

10 

5-2 

2 

14 

130 

Aik. : C„H2,-NH. . 

3 

10 

40 

— 

— 

— 

Aik. : NHAlk . 

4 

5 

3-4 

2 

14 

120 

Aik. : NHX . 

7 

12 

9-3 

— 

— 

— 

Aik. : CN . 

3 

14 

60 

2 

13 

9-5 

Aik. : CHO . 

1 

— 

5-0 

T 

— 

100 

Aik. : OAcyl . 

4 

9 

6-5 

2 

9 

8-5 

Total . 

98 

23 

6-85 

45 

23 

8-2 


94 

15 

6-3 

42 

14 

7-3 

Aik. : NO, . 

3 

26 

20*3 

2 

48 

440 

Aik. : NAlk, . 

_ 2 

32 

270 

1 

— 

36*0 

Aik. : CO-Aik . 

2 

19 

15'5 

6 

25 

120 

Aik. : CO,H . 

1 

— 

150 

1 

— 

8-0 

Aik. : CO-N(CH,), . 

1 

— 

370 

— 

— 

— 

Aryl : Halogen .. 

2 

14 

13*5 

— 

— 

— 

Aryl : OH . 

1 

— 

330 

— 

— 

— 

Aryl : NH, . 

1 

— 

480 

— 

— 

— 

OAlk. : OAlk . 

6 

17 

6-5 

3 

33 

14-7 


5 

9 

4-4 

2 

11 

5*5 

OAlk. : Ester . 

6 

25 

160 

4 

15 

90 

OAlk. : Halogen . 

8 

13 

17-6 

1 

— 

320 

OAlk. : OH . 

2 

39 

34-5 

5 

26 

15^8 

OAlk. : C.H*»-OH . 

4 

15 

12-8 

1 

— 

7*0 

OAlk. : NH, . 

3 

40 

330 

3 

30 

23*0 

OAlk. : CN . 

2 

12 

60 

— 

— 

— 

OAlk. : CHO . 

2 

18 

14 5 

4 

17 

9*5 

OAlk. ; OAoyl . 

2 

17 

110 

— 

— 

— 

OAlk. : NO, . 

2 

19 

13-6 

2 

30 

19*7 

OAlk. : CO-Aik . 

3 

18 

12-3 

5 

18 

8*2 

Ester : Ester . 

2 

17 

90 

_ 

_ 

— 

Ester : Halogen .. 

4 

15 

7-5 

— 

— 

— 

Ester : OH . 

2 

66 

330 

2 

59 

33-5 

E«t®r : NH . 

1 

— 

300 

— 

— 

— 

Halogen : Hidogen ... 

2 

17 

90 

4 

29 

14*0 



'— 

-r- 

3 

12 

9-0 
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Table I. (continued). 



Di-derivatives. 

Tri -derivatives. 

Substituents. 

No! 

Max. 

Mean. 

No. 

Max. 

Mean. 

Halogen : CH,*OH 

1 

— 

70 

— 

— 

42-0 

Halogen : OH .... 

2 

44 

43-6 

2 

44 

Halogen : NHg .... 

2 

26 

130 

2 

22 

19-6 

Halogen : NHAlk.. 

1 

— 

240 

— 

— 

— 

Halogen : NHAcyl 

2 

30 

25-0 

— 

— 

— 

Halogen : NAlkj . 

2 

27 

260 

— 

— 

— 

Halogen : NOj .... 

3 

7 

6*3 

2 

25 

190 

Halogen : CHO .... 

2 

10 

7-5 

— 

— 

— 

Halogen : COCl.... 

3 

24 

15-7 

— 

— 

— 

Halogen : CN .... 

2 

27 

17-5 

— 



OH : OH . 

1 

— 

340 

1 

— 

360 

OH : NOa . 

1 

— 

80-0 

— 

— 

— 

oil : CHO. 

1 

— 

430 

1 

— 

20-0 

OH : CO-CHa. 

. — 

— 

— 

1 

— 

680 

NHa : NHa . 

1 

_ 

2«-0 

1 

— 

290 

NH, : NHAlk. 

2 

27 

23-5 

2 

13 

11-6 

NHj : NAlkj . 

2 

51 

330 

1 

— 

240 

NHa : CO'Alk. 

1 

— 

47*0 

— 

— 

— 

NHj : CN . 

1 

— 

240 

— 

— 

— 

NHAlk. ; NHAlk.. 

1 

_ 

290 

— 

— 

— 

NHAlk. : NAlk^.... 

1 

— 

1.70 

— 

— 

— 

NAlk2:NAlk2 .. 

1 

— 

.700 

1 

— 

320 

NO,, ; NOg . 

1 

_ 

190 

_ 

— 

— 

NOg : CO-Alk. 

1 

— 

200 

— 

— 

— 

COCl : COCl . 

1 

— 

230 

— 

— 

— 

Summarising these results, 
divided into three groups. 

we find that the com 

pounds may be 

I. Difference 

of Boiling Points 

less than 

10°.- 

These 

may be 


called the normal compounds. They include the following sub¬ 
stituents: alkyl groups alone, or one or more alkyls with an ester, 
alkyloxy-, alcohol, halogen, aldehyde, amino-, monoalkylamino-, or 
hydroxyl group; also two alkyloxy- or one alkyloxy- and one 
halogen, two halogens, or one halogen with one ester or nitro- or 
aldehyde or ketone group. 

TI. Difference^ 10—20°.—This group includes alkyl-f carboxyl or 
ketone, and alkyloxy--h alcohol, ester, aldehyde, ketone, or nitro-. 

III. Difference, 20—80°.—Abnormal compounds. These are: 
alkyl -f di alkyl amino-, di alkyl ami do-, or nitro-; alkyloxy- amino- 
or hydroxyl; halogen-f alkylamino-, dialkylamino-, acylamino-, 
and hydroxyl; amino-esters and hydroxy-esters; all derivatives 
containing an amino- or hydroxy-group with any substituent other 
than alkyl. 
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It is to be noticed that the abnormality of the hydroxy- and 
amino-derivativee does not extend to those in which these groups 
are attached to a side-chain, as in the aromatic alcohols and benzyl- 
amine compounds; also, whilst a halogen, amino-, or hydroxy- with 
an aXkyl group gives a normal compound, the analogous compounds 
with an aryl group instead of an alkyl (diphenyl derivatives) are, 
so far as they are known, highly abnormal. 

The general impression conveyed by these results is that the 
property is not an additive one for the two substituents, but rather 
that it depends on the interaction of the two. This is shown, for 
example, in the behaviour of the halogens and the nitro-group, 
which with themselves or one another give normal compounds, 
whereas in conjunction with other groups, especially in amines or 
phenols, they cause great abnormality. 

When we come to the order of the boiling points of the ortho-, 
meta-, and para-compounds, it is dear that the discussion of the 
normal compounds, where the differences are small, requires data 
more exact than many of those on which the foregoing tables are 
based. Among the abnormal compounds, on the other hand, the 
differences are large enough for trustworthy conclusions to be drawn 
from them. The general conclusion is that in the abnormal group 
the ortho- have by far the lowest boiling points, and the meta- and 
para- do not differ greatly, but the meta- nearly always have rather 
lower boiling points than the para-. This relation is supported, so 
far as concerns the phenol derivatives, by the solubilities in water, 
where the meta- and parar^ in all instances hitherto examined give 
very similar curves, whilst that of the ortho- is quite different. It 
is particularly remarkable that the ortho-compound, with the 
highest vapour pressure, is the least soluble in water. 

There are, however, some exceptions to these rules as to the boil¬ 
ing points.* C0C1:C0C1, b. p. a-, 28P, m-, 276® jh, 269®. This 
is entirely anomalous. The high boiling point of the ortho-com¬ 
pound may be due to the substance having the ring formula, as 
has already been suggested on chemical grounds; but, if so, the 
equally high boiling point of the meta-derivative would seem to 
point to a ring structxire for this as well; also in the compounds 
Br. CN and NO^iNOg the ortho-compound has a much higher 
boiling point than the other two. 

Comparing the metsr and para-isomerides, we find that the parar 
has the higher boiling point in all but twelve casee. Excluding one 
of these, in which the difference is only 1® and may be due to 
experimental error, all the other eleven without exception contain 
one or two amino- or substituted amino-groups (CHjrNMeg, 

* These compounds are oonvemently described by qI the two 

substitueAts alone. 
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CHgiNEtg, CHg-OiNH^, Cl.-NMeg, NMegiNMog, and NHg with 
NHg, NHMe, NHEt, NMeg, and NEt 2 ). This indicates some 
constitutional peculiarity which needs explanation. 

The measurements given in the following paper of the vapour 
pressures of substituted benzoic acids at 100*^ enable the con¬ 
clusions to be extended to these classes of compounds. It will be 
seen that the vapour pressures of the toluic acids, which are slightly 
abnormal, having a difference of boiling point of 15*5^, vary in the 
ratio of 4’5 :1 . The chlorobenzoic acids have about the same ratio. 
In the nitrobenzoic acids the difference is distinctly larger (20:1), 
and in the hydroxy benzoic and hydroxytoluio acids it is enormous 
(1300:1 and 300:1). It thus appears that whilst the compounds 
CH:C02H and ChCOoH are almost normal, N02:C02H is 
markedly abnormal, and OH .COoH more so than any other com¬ 
pound yet examined. It will also be noticed that in these last 
two groups the ortho-compound is always the most, and the para- 
the least, volatile. 

Summary. 

With regard to the influence of position on the boiling point, the 
derivatives of benzene may be divided into two classes, namely, 
normal and abnormal, 

(1) The normal derivatives are those in which the influence is 
small, the difference of boiling point seldom exceeding 10^ for any 
set of isomerides. In this class the substituents are, as a rule, of 
an unchangeable type, such as alkyl (not aryl), or alkyloxy-, or 
ester groups. When all but one of the substituents are alkyl 
groups, the compound is almost always normal. 

(2) Abnormal derivatives are those in which the boiling points 
differ by more than 10°, usually from 20° to 80°, the boiling points 
of the meta- and para- being near to one another, whilst that of 
the ortho- is much lower. In these compounds the substituents 
are of a reactive character. If a substance contains two reactive 
groups and, say, an alkyl, a change in the relative positions of the 
two reactive groups has a large effect on the boiling point, but a 
change in the position of the alkyl has only a small one. 

These relations extend to the solubilities in water, so far as they 
have been observed. Normal compounds show similar solubilities ; 
in abnormal compounds, the solubilities are very different, and 
when one of the substituents is a hydroxyl, the ortho-compound (in 
spite of its higher vapour pressure) is far less soluble in water than 
the metar and para-, the solubilities of which, like their boiling 
points, lie dose together. 

Organic Cksmibtby I,aboratory, 

OxvoRD. [Received, January Ibih, 1920.] 
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XLIX.— Volatility in St^am: Benzoic Acid and its 

Derivatives. 


By Nevil Vincent Sidgwick. 


Considering the technical importance of steam distillation, it is 
remarkable that it has been the subject of comparatively few scien¬ 
tific investigations. The volatility or otherwise of an organic sub¬ 
stance in steam is one of the most familiar properties in organic 
chemistry, but only in a small number of instances (see Naumann, 
Ber.^ 1877, 10, 1421, 1819, 2014, 2099; Naumann and Muller, Ber., 
1901, 34, 224; Ryland, Amer. Ghem, J., 1899, 22, 384; Charabot 
and Rocherolles, Bull. Soc. chim., 1904, [iii], 34, 533; Richmond, 
Analyst, 1908, 33, 209, 305; 1917, 42, 125, 133; Stein, J. pr. 
Ghem., 1913, [ii], 88, 83) have any attempts been made to 
determine it quantitatively. 

Partly on account of the general interest of this property, and 
partly with the view of extending the data given in the preceding 
paper as to the influence of position on volatility to substances 
which decompose below their boiling points, I have been led to 
examine this subject, and in this paper an apparatus is described 
by which the volatility in steam of a substance from its saturated 
aqueous solution can readily be determined with an accuracy of 
1 or 2 per cent, with quite a small quantity of material, and the 
results obtained with benzoic add and a series of its derivatives 
are discussed. 


In the distillate obtained under these conditions, the weiehte of 
the componente are in the ratio of the products of their molecular 
weights into ^eir partial pressures in the vapour. When they are 
immiscible, these partial pressures will be the vapour pressure of 
the pye components at the temperature of .the distillation, where 
tne total pressure is one atmosphere. 

If any two vapour-pressure curves are compared it will nrac 
ti^ly always be found (invariably if the boiling poiU of the^two 

of^irr temperature rises the ratio 

^t?^atT;To.ra;^^^^ 

it is 0 00220 at 100^ and 0-0260 at 249°“' TW^wn Zt 


logp - ^ 
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where is the vapour pressure at the absolute temperature T, and 
A and B are constants depending on the substance. For water in 
the neighbourhood of 100<^, 21=8*66 and ^ = 2156. For organic 
substances boiling above 100°, 2 I varies within rather narrow limits, 
lying nearly always between 7*5 and 10, and usually between 8 
and 9. The result is that if log p is plotted against 1 / T for any 
number of substances, a series of straight lines is obtained radiating 
from points on the logp axis (where 1/T = 0, and hence logp = .4) 
which lie close together; that is, the lines all apj^roach one another 
as the temperature rises. The distance between any two lines on 
this diagram, however, is equal to the difference of logarithms of 
the pressures of the two substances, that is, is the logarithm of the 
ratio of their vapour pressures. Hence, as the temperature rises, 
the value of log(/;j/;p 2 ) approaches zero, and the ratio p\hh 
approaches unity.* It follows that in the process of steam distilla¬ 
tion, where the object is always to get the maximum proportion of 
a substance of higher boiling point than water in the distillate, the 
efficiency is greater the higher the temperature or the greater the 
pressure at which the distillation is carried out. This fact has 
been recognised in technical practice, although the reason has not 
hitherto been stated. 

If the substance is perceptibly soluble, it will lower the vapour 
pressure of the water; the distillation will take place at a higher 
temperature, and the proportion of the substance in the distillate 
will be increased. With most of the substances dealt with in this 
paper, the influence of this factor is small; it is also easily allowed 
for if the temperature of the liquid is known. In dealing with the 
effect of solubility on the partial pressure of the other component, 
the substance A , two cases have to be distinguished, that in which 
it is solid and that in which it forms a second liquid layer. If the 
substance is solid, its partial pressure in the vapour from the 
saturated solution is equal to the vapour of the solid substance at 
the temperature of the distillation. This method, in fact, offers 
the simplest means of measuring the vapour pressure of a solid at 
100° down to values of the order of a thousandth of a mm. (or 
even lower if sufficiently accurate analytical methods are available). 
For the purpose of comparison, however, it is more important to 
know the vapour pressure in the liquid than in the solid state. As 
was pointed out in discussing the solubilities of the toluic adds 
(T., 1916, 107, 1209), the regularities observed in liq\iid~liquid 
systems disappear when the solid phase is formed, owing, no doubt, 

* Chsrabot and Rochorolles {loc. cU.) laid down the rule that the ratio of 
organic substance to water in the distillate always approaches unity as the 
temperature rises ; but this is obviously not always true. 
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to the effect of the crystallographic forces, which is most clearly 
shown in the wide divergences in melting point of otherwise similar 
substances. T,he vapour pressure of a solid is necessarily less than 
that of the (supercooled) liquid at the same temperature, and the 
more so the further that temperature is removed from the melting 
point. The relation between the two can be calculated if the heat 
of fusion is known, for it can be shown that if p, are the vapour 
pressures of the substance in the liquid and solid states at a 
temperature T (absolute) below, its melting point and if W is 
the molecular heat of fusion in calories, then 


2.30S6H f.- . 

where i? = 1*985. 

As an example of the influence of this factor, we may take 
jp-toluic acid (m. p. 177®), Its heat of fusion is not exactly known, 
but it may be taken to be of the order of 5000 cals, per gram- 
molecule. At 100® we have 


2-3026 log ? = 
V 


5000 / 1 

1-985 V373 



whence log= 0*5019 and pjp^ — Z'll. The observed vapour 
pressure of the solid acid at 100® is 0*216 mm. It follows that 
that of the liquid at 100® would be 0*216 x 3*17 = 0*685 mm., which 
is very near to the values for the ortho- (0*970) and meta- (0*607) 
acids, which are liquid under water at 100®. These calculations 
are not worth discussing in more detail until the heats of fusion of 
the acids in question have been measured with greater accuracy, 
which is now being done. 

When the substance forms a second liquid layer, the vapour 
pressure which is being measured is the partial pressure of the 
substance in the vapour in equilibrium with either of the two 
liquid phases (since the same vapour must be in equilibrium with 
both). If we consider the phase richer in A, it is obvious that 
will be lowered by the presence of dissolved water. It will be 
less than the vapour pressure of pure liquid A , and also less than 
that of solid A. It is difficult to osculate how much it is 
diminished, because binary liquids in the neighbourhood of the 
point at which they separate into two liquid layers depart widely 
from the simple solution laws. It may, however, be pointed out 
that in the case, for example, of m-toluic acid (m. p. 110 *6®; 
triple point with water 91*8®), the liquid at the triple point, where 
the partial pressure of the acid in tlie vapour is equal to the vapour 
of the solid add, contains 44*2 molecules per cent, of water, whilst 
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at 100° the acid layer contains 49*8 molecules per cent. Assuming 
the vapour-pressure law, we should expect the extra 5’6 molecules 
per cent, of water to lower the vapour pressure of the acid by the 
same percentage, or lees if the acid is associated in the liquid to a 
smaAr degree than the water, and this may be taken as giving a 
rouga idea of the magnitude of the effect. Young Fractional 
Dismlation,'' 1903, p. 92) found that at atmospheric pressure the 
amount of aniline in the distillate from a mixture of aniline and 
water was 14 per cent, less than that calculated from the vapour 
pressures of the pure components, and at this temperature the 
aniline dissolves about 35 molecules per cent, of water. With 
benzoic acid the vapour pressure of the pure liquid has been 
measured by Kahlbaum {ZeiUch. 'physikal. Chew.., 1898, 26, 603) 
down to 132*5°. where it is 10 mm. By extrapolation, using the 
logarithmic formula, it is found to be 1*67 mm. at 100°. Its heat 
of fusion is 4830 cals. (Ciamician and G-arelli, Zeitsch. physikal. 
Chem., 1895, 18, 54), and its melting point 122*7°. Hence the 
vapour pressure of the solid acid at 100° is 1*15 mm. As the 
triple point is only 5° lower, we should not expect the partial 
pressure of the acid in the vapour at 100° to be much lower than 
that of the solid acid at the same temperature. It was actually 
found by the steam distillation method to be 1*129 mm., a difference 
of only 2 per cent. 

Experimental. 

A series of preliminary experiments with a pure sample of 
benzoic acid showed that the steam became saturated with the acid 
when it had passed through two small flasks containing a mixture 
of the acid and water, but that it was essential to avoid recon¬ 
densation of the vapour after it had left the liquid, as this always 
gave low results, owing no doubt to the fact- that the volatility is 
less at lower temperatures. The form of apparatus finally adopted 
was as follows. The acid was contained in two 120 c.c. flasks with 
short, wide necks. Steam from a boiler was passed through a trap 
to catch water-drops, and was led to the bottom of the first flask 
and thence by a short bent tube to the bottom of the second. 
Prom this it passed through a Kjeldahl trap to the condenser. 
The cork of the second flask carried a thermometer graduated in 
fifths of a degree, with its bulb reaching nearly to the bottom of 
the flask. The flasks were immersed up to their necks in a glycerol- 
bath, which was kept a few degrees above the temperature of the 
distillation, and the whole of the apparatus above the glycerol 
was carefully lagged—the tube from the steam-trap to the first 
flask and that connecting the two flasks being wrapped in felt, and 
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tJi6 Kjeldahl-trap surrounded by a jacket moulded on to it from 
asbestw millboard and dried. This was cut into two halves, so 
that it could be removed for cleaning the trap. The amount of 
acid in each flask was from 3 to 20 grams (according to the solu¬ 
bility), and the steam was passed at a rate of 2—4 granm per 
minute. With this apparatus it was found that, although tlw first 
fraction of the distillate gave a low value, subsequent fraKions 
were of constant composition, as is shown by the following two 
experiments (the successive fractions were from 70 to 150 o.c. each; 
the numbers give the percentage of acid in the distillate): 
Expt. I; 0-90, 1*004, 0*994, 0*980, 0*984. Expt. II: 0*89, 1*004, 
0*981, 1*000, 1*018. 

The results obtained on any one day were found to agree better 
among themselves than the means of different days did with one 
another. This was traced to changes in the barometric pressure. 
From Kahlbaum’s measurements {loc. cii.) of the vapour pressure 
of benzoic acid, i?, the ratio of its vapour pressure to that of 
water can be calculated at a series of temperatures in the neigh¬ 
bourhood of 100^. It is found that R increases for 1® rise of 
temperature by 2*76 per cent., or, since an increase of pressure of 
27*4 mm. raises the boiling point of water by 1°, 1 mm. rise of the 
barometer will increase the proportion of acid in the distillate by 
0*101 per cent, of its value, which is quite an appreciable amount. 
The following table shows the results obtained when this correc¬ 
tion is applied. The four experiments were carried out on 
different days. The value given for the percentage of acid in the 
distillate is in each case the mean of the titrations of from three 
to six different fractions. The numbers under ‘'correction'' are 
the amounts which must be added to give the true composition of 
the distillate under 760 mm. pressure. 


Weight- 

percentage of acid Corrected 

Expt. Pressure. in distillate. Correction. percentage. 

^ . 7450 0-987 -fOOlS 1*002 

E. 750-2 0-991 -f 0*010 1-001 

^ . 750-2 0-999 4-0*010 1*009 

G. 755-5 1-006 4-0*004 1*010 


Mean. 1*006 

To prove that the vapour was saturated with add, the distillation 
was repeated under the same conditions, except that the steam was 
not generated from water alone, but from a mixture of 800 c.c. 
of water and 80 grams of pure benzoic add. In this way, satursir 
tion must be attained. It was difficult to secure a steady flow of 
steam, as the two layers in the flask made the liquid boil irregularly, 
and this might be expected to give a slightly low value, as any 
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interruption of the distillation leads to some re>condensation of the 
vapour. The mean value so obtained was O'984 per cent, at 
760'4 mm., corresponding with 0*994 at 760 mm. This is 1*2 per 
cent, below the mean of the other four experiments, which are 
doub^ess more trustworthy, for the reason mentioned, but it is 
enoujb to show that the apparatus secures complete equilibrium 
betweien the solution and the vapour. 

With the other acids examined, the measurements were made in 
less detail, and only the final means are quoted; these are always 
the means of the concordant titrations of at least three different 
fractions of distillate. The accuracy naturally varies with the 
nature of the acid. When this melts under water below 100® there 
is little difficulty. When it remains solid, it is not easy to remove 
it completely from the condenser, although this can generally be 
done by running out the water. It may be assumed that the mean 
results are within 2 or 3 per cent, of the truth in all cases, except 
where (as with /^hyd^oxy ben zoic acid) the amount of acid in the 
distillate is too small for accurate titration. 

The acids used were in most instances laboratory specimens 
purified by recrystallisation. I am greatly indebted to Miss E. 
Ewbank for her kind assistance in the preparation of some of these 
adds and in the purification of others. 

The preparation and behaviour of the individual adds may be 
briefly described as follows. (Adds marked with an asterisk are 
liquid under water at 100®.) The solubility data, where no other 
reference is given, are derived partly from unpublished measure¬ 
ments made by Miss Ewbank in this laboratory and partly from 
the work of Flaschner and Rankin {Sitzuncfsher^ K. Akad. 

Wien.^ 1909, 118 , 695), The solubilities are expressed in 

grams of add in 100 grams of solution, 

^Benzoic Acid .—A specially pure sample free from chlorine: 
purified by recrystallisation. M. p. 122*7®. Triple point with 
water, 95®. Solubility in water at 100®, 8*0 per cent. (Alexeev, 
Ann. Pht/s. Chem., 1888, [iii], 28 , 305.) 

*Phen]/lacetic Acid .—Pure laboratory specimen. M. p. 76*7®. 
Triple point, 46*5®. Solubility at 100®, 11*2 per cent. 

*B-Phenylpropionic Acid .—Recrystallised from light petroleum. 
M. p. 48*6®. Triple point, 34*0®. Solubility at 100®, 3*5 per cent. 

TokUc Actds.j —Recrystallised from water. 


M. p. Triple point. Solubility. 

*Ortho . 102-4® 93-5® 2-97 per cent. 

*Meta. 110-5 91-8 1-98 

Para . 176-8 (142 0) 1-16 


t Solubility data; Sidgwick, Spurrell and Davies, T., 1916, 107, 1207. 
I take this opportunity of expressing my regret that when this paper was 
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Hydroxyhenzoic Acids ,—Recrystallised from water until their 
melting pointe and solubilities in water were not further changed. 
All these, acids remain solid. The value given in the table for the 
volatility of the para-acid is only approximate. One drop of 
10-alkali was more than sufficient to neutralise the acid in 
100 0.0. of distillate, and as the acid cannot be sharply titrated, it 
did not seem worth while to use 100-alkali. 


Solubility at 
M. p. 100°. 

Ortho . 159 0° 6-46 per cent. 

Meta . 201*3 36*9 

Para . 2130 33*5 


Hydroxytohjt/ic Acids. —The acids CH^: CO^H : OH — 1:3 : 2, 
1:4:3, and 1:3:4 were obtained from the technical cresotic acids 
by distillation in steam and recrystallisation. The 1:3:6-acid was 
boiled with animal charcoal and recrystallised from alcohol and 
water. The 1:4:2-acid was prepared by the sulphonation of 
^-toluio acid and fusion of the product with alkali (Perkin and 
Meldrum, T., 1908, 93 , 1419). It was purified by reorystallisa- 
tion from water. 


Solubility at 


COgH:OH:CH3.* 

M.p. 

Triple point. 

100°. 

1 r2 : 3 

167*0° 

(129*0°) 

1*16 per cent. 

1:2:4 

177*8 

(131*0) 

0*94 

1:2:5 

152*5 

(107*8) 

2*15 

1:3:4 

172*4 

— 

4*36 

1:4:3 

207 0 

— 

5-25 


Nitrohenzoic Acid^s .—^The ortho-acid was purified through the 
barium salt (Holleman, Eec. trcuv. chim., 1898, 17 , 247). The 
behaviour of this acid was quite peculiar. It gives with water an 
unbroken solubility curve up to its melting point without a two- 
liquid portion. This curve, like that of salicylic acid, is very flat 
in the middle, that is, the solubility increases very greatly for a 
small rise of temperature. For example, at 78^ it is 20 per cent, 
and at 82° it is 70 per cent. In the distillation, it was found 
impossible to get the acid to remain solid in the presence of steam. 
It melted at once, forming a homogeneous liquid. Its temperature 
varied with that of the glycerol-bath, remaining some 8—12° below 
it. Finally, a series of fractions were taken at 117^ (bath, 
123—126°), which gave concordant titrations. 

The most probable explanation of this behaviour (which was not 
observed with any other acid) is that the vapour-pressure curve of 

published we were unaware of the paper by Flaschner and Rankin quoted 
above, in which the solubilities of the toluic acids in water are given. Our 
results are in substantial agreement with theirs. 

The substituents are arranged in the order of their influence on the 
volatility. 
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the saturated solution (which with any substance giving an un¬ 
broken solubility curve must rise with the temperature to a maxi¬ 
mum and then fall to the vapour pressure of the pure substance at 
its melting point) never attains the value of one atmosphere. If 
so, the solution which the acid forms in contact with steam at one 
atmosphere, since it must have a vapour pressure of 760 mm., must 
be somewhat unsaturated, and both the composition of this solution 
and the partifid pressure of the acid will vary with the temperature. 

The metar and para-acids were purified by recrystallisation. 


Solubility at 

M. p. Triple point. 100®. 

Ortho . 146-8® -— 92-8 (at 117®) 

♦Meta. 141-4 76-8® 10-6 

Para . 242-4 — 0-29 


Chlorohenzoic Acids .—The ortho- and para-acids were prepared 
from the corresponding toluidines by Sandmeyer's reaction and 
purified by recrystallisation. The meta-acid was recrystallised from 
benzene. 

Solubility at 

M. p. Triple point. 100®. 


Ortho . 140-3® (104-8®) 4-02 per cent. 

Meta . 164-5 (123-8) 0-5 

Para . 241-6 — 0-11 


7}etermi'n/iti(Yn> of Temperafvre .—This wm somewhat inaccurate, 
owing to the uncertain correction for the emergent stem, which was 
determined by conducting a distillation with nothing but water in 
the bulbs and varying the temperature of the bath. In the actual 
distillation of the acids, the thermometer readings remained steady 
in nearly every case to about 0*04'^, but with most acids the eleva¬ 
tion of the boiling point is so small that the readings are of no 
great value; they are therefore only quoted when they amount to 
01*^ or more. 

The results are collected in the following table. The first column 
gives the name of the acid; the second (dt) the elevation of the 
temperature above 100° (reduced to 760 mm.); the third the per- 
centage by weight of the acid in the distillate; the fourth the 
partial pressure of the acid in hundredths of a mm. The latter is 
calculated from the formula 

Wt. of acid 760 x 18 
^ Wt. of water ^ M ’ 

where M is the molecular weight of the acid. The fifth column 
gives the solubility (in grams per 100 grams of solution) of the 
acid in water at the temperature of the distillation. The sixth 
gives the partition-ooefficient of the acid between the vapour and 
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the liquid, that is, the concentration in the vapour divided })y that 
in the saturated solution. The last two columns give the values of 
the vapour pressures and the partition-coefficients referred to those 
of the para-acid (or with the first three acids to those of benzoic 
acid) as unity. 


Volatility a/nd BoiUng Poi/nt, 

To bring these results into line with the data tabulated in the 
preceding paper, it would be necessary to calculate the boiling 
points of the acids from their vapour pressures at lOO*^. This can 
be done if we assume a value for either of the two constants A and 
Ji of the vapour-pressure formula. Such an assumption, however, 
is scarcely justified; where the vapour pressures are abnormal we 
may expect these constants to be abnormal also, but experience 
shows that heabs of evaporation do not vary very widely, and hence 
a large difierence in the vapour pressure at 100° may be taken to 
involve a large difference in boiling point. 

It is more satisfactory to take as the basis of comparison the 
ratio of the vapour pressures of the isomerides at 100°. These 
values can be obtained by interpolation for those derivatives the 
vapour-pressure curves of which have been measured over a suit¬ 
able range of temperature, and the ratios compared with those 
given by the substitute<l benzoic acids. The following table is 
constructed in this way. The values are relative, that for the 
para- (or, where that is missing, the meta-) isomeride being taken 
as unity. The last column gives the greatest difference in boiling 


Substituents. 

Relative vapour pressure at 100°. 

G reateat 
differ¬ 
ence in 

Ortho. 

Meta. 

Para. 

b. p. 

;CH.:CH. . 

0-788 

0-862 

1 

5-6° 

•CH,:a. 

1097 

0-896 

1 

3-0 

•CH, :NH. 

1037 

0-870 

1 

3-6 

’CH,;OH . 

1-722 

1 -026 

1 

11-0 

•CH,:NO, . 

1-653 


1 

17-3 

•CI:NH, . 

CH,: CO,H . 

ca 1 CO,H. 

2-277 

1-0 


19-7 

4-49 

2-81 

1 

15-5 

4 01 

4-38 

1 


NO, : CO,H. 

20-9 

7-3 

1 


OH:CO,H . 

13 20 0 
ri r 2 : 3 
3260 

6-0 

1 

— 

COj^:OH:CH,. - 

1:2:4 

1680 

1:2:6 

2630 

1:3:4 

24-4 

1:4:3 

1 



^ Woringer, ZeiUtch, phynkal, Chem., 1900, 34, 262. 
» Feitler, ibid., 1889, 4, 71. 

• Kahlbaum, ibid., 1898, 2 ^, 603. 
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point at 760 mm. Th.© first three series show the behaviour of 
normal compounds, in th© sens© in which this term is used in the 
preceding paper; the oresols are slightly, and the last two series 
distinctly, abnormal. Of the acids dealt with in the present paper, 
th© boiling points of the toluio acids only have been determined. 

The vapour-pressure curves from which the data for the first 
six series are obtained are all, of course, those of liquids. The 
differences among the acids might no doubt be somewhat reduced 
if they were compared in the liquid state, account being taken of 
the difference of vapour pressure of solid and liquid at tempera¬ 
tures some way below the melting points; as we have seen, the ratio 
for th© toluio adds is reduced in this way to 1*6. Th© extreme 
abnormality of the hydroxy-derivatives is very marked. 

Organic Chemistry Laboratory, 

Oxford, [Received^ January 1920.] 


L .—Observations on Some Organic Compounds of 

Arsenic. 

By Alex. McKenzie and John Kerfoot Wood. 

The following is an account of part of th© work carried out in 
Dundee during 1918 in connexion with the Chemical Warfare 
Department of th© Ministry of Munitions. It is published with 
th© consent of th© General Staff of the War OfiGtce. 


E thoxydichlor oar sine . 

When molecular quantities of sodium ethoxid© and arsenic tri¬ 
chloride were employed, th© action could be regulated so as to 
proceed according to th© equation 

NaOEt -f AsCljj^ NaCl + EtO-AsClg. 

A solution of 15 grams of sodium (1 atom) in 300 c.c. of ethyl 
alcohol was gradually added, within an interval of two and a-half 
hours, to 118 grams of commercial arsenic trichloride (1 mol.). 
The mixture was kept cool by immersion in cold water, and was 
shaken after each addition of the ethoxid©. The product was then 
heated for on© hour longer, the sodium chloride separated, and the 
excess of alcohol removed. 

Ethoxydichloroa/rsyne^ EtO*AsCl 2 , is a colourless liquid which 
boils at 145—146^/761 mm., whereas arsenic trichloride, according 
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to Thorpe, boils at 130*2^/760 mm. The yield amounted to 
70 grams, which is 59 per cent, of the theoretical. 

Found: As = 39*04. Cl = 37*2. 

C 2 H 5 OCI 2 AS requires As = 39*27; Cl = 371 per cent. 
Ethoxydichloroarsine fumes on exposure to air. When poured 
into cold water, a copious precipitate of arseiiious oxide is 
immediately formed. 


Diethoxy chloroa/rsme. 

It is also possible to regulate the action of sodium ethoxide on 
arsenic trichloride, so that two ethoxy-groups are introduced into 
the molecule of the latter. 

A solution of 30 grams of sodium (2 atoms) in 600 c.c. of ethyl 
alcohol was added slowly to 118 grams of arsenic trichloride 
(1 mol.). The addition of the ethoxide lasted two and a^-half 
hours. After twenty-four hours at the ordinary temperature, the 
mixture was heated for one hour, the sodium chloride separated, 
and the excess of alcohol removed. The residual liquid was 
distilled under diminished pressure. 

Diethoxychloroarsmey (OEt) 2 AsCl, is a colourless liquid, which 
boils at 64—65°'/20 mm. and at 159—160°/760 mm. 

The yield was 90 grams, which is 69 per cent, of the theoretical. 
Found: As = 37*6. Cl,= 17*3. 

C 4 Hj(, 02 C 1 As requires As = 37*4; Cl = 17*7 per cent. 

The behaviour towards water is similar to that of ethoxydi- 
ohloroarsine. 


Ethyldichloroarsme . 

Ethyldichloroarsine was obtained by La Coste (Annalen, 1881, 
208, 33) by the action of arsenic trichloride on mercury diethyl: 

AsClj -h HgEt^ = A 8 EtCl 2 + HgEtCl. 

This method was obviously unsuitable for the preparation in 
quantity of this compound. The following method gave a satis¬ 
factory result. 

Auger (Compt, rend., 1903, 137, 925) having shown that 
sulphur dioxide reduces sodium methylarsinate to methylarsenious 
oxide, the reduction of magnesium ethylarsinate (Dehn, Amer. 
Chem. J., 1905, 33, 132) was conducted in the following manner. 
Thirty-four grams of the salt were added to 250 c.c. of water, 
10 grams of iodine added, and a current of sulphur dioxide was 
passed into the solution for four and a-half hours. The clear solu¬ 
tion gradually became turbid, owing to the separation of a canary- 
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yellow precipitate. This would indicate that the ethylarsinic acid 
had been reduced to ethylarsenious oxide, EtAsO, which, with 
hydrogen iodide, formed ethyldi-iodoarsine, EtAsI^. 

We found, however, that the preparation of the magneeium salt 
was unnecessary as a preliminary stage for the isolation of ethyl¬ 
di-iodoarsine, as the latter compound could be prepared directly in 
the following manner. 

Arsenious oxide (159 grams) was dissolved in a solution of sodium 
hydroxide (193 grams) in 500 o.c. of water. The solution was 
poured into 1400 c.c. of water, ethyl iodide (250 grams) added, and 
then sufficient rectified spirit to form one phase. The mixture 
remained at the temperature of the laboratory for six days. After 
removal of the bulk of the alcohol, the residual liquid (1300 c.c.) 
was acidified with concentrated hydrochloric acid, the precipitate 
removed, and a current of sulphur dioxide passed into the filtrate. 
The colour of the iodine quickly disappeared, and^^the yellow ethyl 
di-iodoarsine began to separate as an oil. The/ dphur dioxide 
was passed for about three and a-half hours, 3/ '5. of concen¬ 

trated hydrochloric acid being added at interVw The oil was 
separated from the liquid. In this case there was no solid present, 
but in other preparations, where the original concentration of the 
mixture resulting from Meyer's reaction had been carried further 
than in the present case, a mixture of solid and oil resulted. It 
is convenient to adjust the concentration so that only oil separates. 
From the yellow, aqueous liquid a small additional amount of oil 
was obtained by the further addition of hydrochloric acid and 
sulphur dioxide. The yield of ethyldi-iodoarsine was 272 grams. 

For the conversion of this quantity of ethyldi-iodoarsine into 
ethylarsenious oxide, the oil was dissolved in 750 c.c. of benzene 
and a mixture of 60 grams of calcium chloride and 192 grams of 
anhydrous sodium carbonate added. After the mixture had been 
heated on the water-bath for two hours, the yellow colour dis¬ 
appeared. The solution was poured off, and the residual solid 
extracted with benzene. The benzene was distilled from the solu¬ 
tion, and the resulting oil heated until its temperature was about 
1200 yield of ethylarsenious oxide was 100 grams. 

For the conversion of the oxide into ethyldichloroarsine accord¬ 
ing to the equation 

EtAsO -f 2HC1 = EtAsClg + H^O, 

100 grams were placed in a separating funnel, and 25 c.c. of con¬ 
centrated hydrochloric acid were added. The funnel was then 
surrounded with cold water, and a current of hydrogen chloride 
passed through the oil for about three hours, the completion of 
the reaction being shown by the escape of hydrogen chloride by 
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the exit tube. The oil was separated, dried with calcium chloride, 
freed as far as possible from hydrogen chloride by means of a 
current of carbon dioxide, and distilled. Twenty-nine grams of a 
fraction of lower boiling point, containing a considerable propor¬ 
tion of ethyldichloroarsine, were first collected. The product boil¬ 
ing between 150° and 155° amounted to 101 grams. The com¬ 
pound can be obtained quite pure by fractionating further. 

In connexion with the preparation of ethyldichloroarsine in 
quantity, the following points which emerge from the preceding 
description are worthy of notice: (1) Sodium hydroxide may be 
used in place of the more expensive potassium hydroxide in Meyer's 
reaction. (2) The se{)aration of magnesium ethylarsinate is un¬ 
necessary. (3) The sodium iodide formed in the first reaction is 
utilised, and no further addition of the expensive potassium iodide 
is required, as is the case if the magnesium salt is first isolated and 
then reducec]. (4) There is a considerable saving of time. 

The following are the details of the yields in several of the 
preparations : 


Ethyl 

Ethylarsenious 


iodide. 

oxide. 

Ethyhliehloroarsiiie. 

Grains. 

Grains. 

Grarn.s. 

250 

100 

101 


85 

87 


92 

89 


93 

99 


95 

97 


100 

99 

111 

109 

93 

107 

500 

178 



The. yield of ethyldichloroarsine is really better than is repre¬ 
sented above, since a fair quantity can be recovere^l from the 
distillates of lower boiling point on fractionation. The yield of 
ethylarsenious oxide is more than 50 per cent., calculating on the 
ethyl iodide initially used; the yield calculated from the ethyl 
iodide actually entering into reaction is very much greater, since a 
considerable quantity of ethyl iodide can be recovered. The yield 
of ethyldichloroarsine from ethylarsenious oxide is more than 
80 per cent, of the theoretical. 

It was thus clear that the yield would probably be improved by 
elevating the temperature at which the first stage (Meyer s reac¬ 
tion) took place. Experiments were begun to substitute ethyl 
chloride for the more expensive ethyl iodide, but the work was 
J^topped at this point, when the conclusion was reached that it 
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would be neceesary to carry out the reaction with ethyl chloride 
under pressure. 

Plitnylethoxychloroarsvn^, 

This compound was prepared according to the equation 
PhAsClg + NaOEt=NaCl 4- PhAsCl-OEt. 

4*6 Grams of sodium (1 atom) were dissolved in 100 c.c. of ethyl 
alcohol, and the solution was gradually added to 44*6 grams of 
phenyldichloroarsine (1 mol.) during half an hour. The mixture 
was then heated on the water-bath for two and a-half hours, cooled, 
the sodium chloride and then the alcohol removed, and the residue 
distilled under diminished pressure. 

Phenylethoxychloroarsi/ney PhAsChOEt, is a colourless oil which 
boils at 125—126^/12 mm. The yield was 37 grams, or 80 per 
cent, of the theoretical. 

Found: Cl = 15-1. 

CqHiqOCIAs requires Cl = 15*2 per cent. 

It gradually undergoes hydrolysis when kept in contact with water, 
being transformed into a white solid, which, when crystallised from 
petroleum (b. p. 90—105^), separates in needles melting at 
127—130^. It is curious that this product has a melting point 
considerably higher than that recorded in the literature for 
phenylarsenious oxide. 


Formation of UnHahle Cyanorcompoun^I^, 

Evidence was obtained that the following compounds are very 
unstable, owing to the ease with which they underwent hydrolysis: 
phenyl chiorocyanoarsine, phenyldicyanoarsine, imd ethyldicyano- 
arsine. It was not found possible to isolate them. 

Action of Hydrogen Cyanide on Pi'phenylethoxyarnne: 

Diphenylcyanoarsi/ne. 

Diphenylchloroarsine was treated with sodium ethoxide, 

Ph2AsCl -f NaOEt-Ph2A8-OEt-f NaCl, 
the resulting ethoxy-compound being then acted on by hydrogen 
cyanide, 

Ph2As-OEt-f- HCN-PhoAs-CN -f EtOH. 

2*3 Grams of sodium (1 atom) were dissolved in 100 c.c. of ethyl 
alcohol, and the solution was added to 26 grams of pure diphenyl¬ 
chloroarsine (1 mol.) dissolved in 50 c.c. of ethyl alcohol. The 
addition lasted one hour. After the mixture had been heated for 
one hour on the water-bath, the sodium chloride and the alcohol 
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were removed. The residue was a viscid oil, which solidified partly 
when kept overnight. It was then heated at 140^ for three hours 
in a current of dry hydrogen cyanide. On cooling, the oil was 
washed with water, and a nucleus of the solid form of diphenyl- 
cyanoarsine, prepared by the method described later, was added; 
this caused the oil to crystallise. The product was washed with 
light petroleum and dried under diminished pressure. Twenty 
grams of a solid melting at 30—34® were obtained, and this corre¬ 
sponds with an 80 per cent, yield of diphenylcyanoarsine. 


Action of Hydrofjen Cyanide cm Diphenylarsenicnta Oxide, 

Diphenylcyanoarsine was next preparcKl by converting diphenyl- 
chloroarsine into diphenylarsenious oxide, which was then acted 
on by hydrogen cyanide: 

2PhoAsCl -f 2NaOH - H 2 O ^ 2NaCl + Ph^As-O-AsPh^, 
PhoAs-0-AsPho -f 2HCN = + HoO. 

The product obtained by the action of gaseous hydrogen cyanide 
on molten diphenylarsenious oxide was distilled under diminished 
pressure. 

Diphenylcyanoarsine boils at 213®/21 mm. (Found: N = 5*4. 
C^ftHiof^As requires N“5*5 per cent.). 

From 25 grams of diphenylarsenious oxide, yields of 23 and 24 
grams, respectively, of the pure, redistilled oil were obtained in 
successive experiments, corresponding with a yield of about 90 per 
cent, of the theoretical. 

A most important property of this compound is the fact that it 
is sensitive to alkali in a remarkable degree. This was first noticed 
when a thin film of the oil, prepared as just described, was left 
exposed to the atmosphere in a crystallising dish at the ordinary 
temperature. The film was gradually converted into a solid, and 
it appeared that the oily diphenylcyanoarsine had crystallised. 
On examining the solid, it was found, however, that it consisted 
of diphenylarsenious oxide, as a determination of the melting point 
both alone and in presence of some of the oxide showed. It was 
proved that the result was not due to the presence of unattacked 
diphenylarsenious oxide in the original oil, and the inference was 
that the conversion of the oily cyano-compound into the oxide had 
been effected catalytically by the alkali of the glass vessel. It was 
next found that the oil solidified fairly quickly when kept in con¬ 
tact with A/lO-aqueous sodium hydroxide at the ordinary tempera¬ 
ture, and very quickly when warmed with alkali of this strength. 
A portion of the solid obtained in this manner was crystallised 
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from light petroleum, and a determination of its melting point 
showed that it consisted of diphenylarsenious oxide. 

This interesting change may occur in the following stages: 

PhaAs-CN + H2O = PL^AsCCNXJJjj, 
Ph2A8(CN)<fJ^^ =Ph2As-OH + HCN, 

2Ph2As*OH = HgO + PhoAs'O* AsPhg. 

The solid modification of diphenylcyanoarsine was obtained in 
the following manner. The crude oil resulting from the action of 
hydrogen cyanide on diphenylarsenious oxide was washed twice 
with water, and left in contact with solid calcium chloride over¬ 
night. It was then found to consist of a solid and very little oil. 
A portion of the solid was then washed with light petroleum, and 
found to melt at about 31—32° (Sturniolo and Bellinzoni, Gazzetta, 
1919, 49, ii, 326, give 35°). A nucleus added to some of the pure 
oil caused the latter to crystallise immediately. 

According to La Coste and Michaelis {Annalen^ 1880, 201, 222), 
diphenylchloroarsine is only sparingly soluble in sodium hydroxide 
or potassium hydroxide on heating. The mobility of the halogen 
in diphenylchloroarsine is, however, much greater than would be 
inferred from the data in the literature; the chlorine can be disr 
placed very easily under the following conditions, and the method 
now described is a convenient one for the preparation of diphenyl¬ 
arsenious oxide in quantity. 

Sodium hydroxide (325 grams) was dissolved in water (1500 c.c.), 
/nd, when the temperature of the solution had fallen to 50°, 
diphenylchloroarsine (500 grams) was added. The solid melted, 
and the temperature was then gradually raised to 70° within fifteen 
minutes, during which time the mixture was stirred vigorously. 
When once the oil began to harden, it was transformed in the 
course of a few minutes into a hard solid. The temperature was 
maintained at 70° for fifteen minutes longer, with occasional 
stirring, and, when cold, the liquid was decanted from the solid, 
which was then powdered and thoroughly washed with water until 
the washings were free both from alkali and chloride. The oxide 
was then collected and dried on porous plates. If kept at the 
ordinary temperature, the product at this stage becomes constant 
in weight very slowly. It was found practical to dry in air for 
a day at the ordinary temperature, and then at 60° to 70° until 
the weight was constant. The yield of anhydrous oxide was 
435 grams, which is 97 per cent, of the theoretical. When crystal¬ 
lised from light petroleum, the oxide melts at 92*5—93*5°, whereas 
La Caste and Michaelis (loc. dt,) give 91—92°. 
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The action took place in accordance with the equation 
2Ph^ABCl + 2NaOH - 2NaCl + H^O + PhgAs-O-AsPh^. 

In the majority of our experiments on the preparation of 
diphenyloyanoarsine, 150 grams of diphenylarsenious oxide were 
used each time. The flask containing this was placed in a bath of 
fusible metal, the temperature of which was gradually raised from 
120° to 160°. Dry hydrogen cyanide was passed for about five 
hours through the molten diphenylarsenious oxide. The contents 
of the flask were allowed to cool, and, while still slightly warm, 
were poured into a porcelain dish, when solidification took place 
gradually. The yield of uncrystallised product was practically 
theoretical. If it is desired to keep the product for any length of 
time, it should be dried under diminished pressure until constant 
in weight. 

It was also found that diphenylcyanoarsine can be obtained by 
allowing diphenylarsenious oxide to remain in contact with a con¬ 
centrated aqueous solution of hydrogen cyanide at the ordinary 
temperature. The action of anhydrous hydrogen cyanide on 
diphenylarsenious oxide at the ordinary temperature would, in our 
opinion, be the most convenient method of preparing this com¬ 
pound on the large scale, especially if it is desired to obtain a 
product which will be fairly stable on keeping. 

Our first experiment on the preparation of diphenylcyanoarsine 
was made with diphenylchloroarsine and potassium cyanide, but, 
as the ease with which the compound was hydrolysed was recog¬ 
nised at an early stage, the use of an aqueous solution of potassium 
cyanide was purposely avoided, as we were convinced that the 
method would be unsuitable for the preparation of the compound 
in a state of purity. The following experiment, carried ovit at a 
later stage with rectified spirit as the solvent,* may, however, be 
quoted in this connexion. A mixture of 133 grams of diphenyl¬ 
chloroarsine and 50 grams of potassium cyanide was gently heated 
under reflux for five hours with 250 c.c. of rectified spirit. The 
liquid gradually darkened, and ultimately became red. It was 
left overnight, and the solid was removed. The filtrate separated 
into two layers. To the lower layer (47 grams), a nucleus of the 
solid diphenylcyanoarsine was added, and crystallisation began 
slowly. After one day in the ice-chest, the crystalline deposit 
amounted to 18 grams; when washed with ether, it melted at 
32—34°. The upper layer was mixed with an excess of water. 
The resulting oil (61 grams) was removed, the aqueous solution 
being extracted with ether, and the ethereal solution added to the 
oil. To this ethereal solution were also added the ethereal wash¬ 
ings from the 18 grams. The ethereal solution was dried with 



414 


MoKBKZXE AND WOOD *. OBSERVATIONS ON 


sodium sulphate, the ether distilled, the residue mixed with the 
liquid portion of the original lower layer, and the whole heated 
at 140—150® to remove all the ether and alcohol. After a fort¬ 
night in the ice-chest, 50 grams of solid and 47 grams of liquid 
were present. The total yield of solid cyano-compound *was 68 
grams, and of solid plus liquid 115 grams. 

It is certain that, when aqueous potassium cyanide is used, some 
of the diphenylchloroarsine will be converted into diphenyl- 
arsenious oxide, owing to the alkalinity of the liquid, and it is 
equally certain that, unless special precautions are taken, the 
diphenylcyanoarsine formed will, on keeping, undergo change owing 
to catalytic hydrolysis. 

It is desirable that the hydrolysis of diphenylcyanoarsine should 
be examined more fully than has been described in the present 
paper, in order that conditions may be arrived at whereby the 
substance does not undergo alteration on keeping. 


Action of Chlorine on Diphe^iylcyanoamine. 

The action represented by the equation 

PhgAs-CN -h CI 2 = Ph 2 A 8 (CN)Cl 2 , 

was investigated. 

Twenty grams of diphenylcyanoarsine were dissolved in 100 c.c. 
of benzene, and a current of chlorine was passed through the 
cooled solution. Solid began to separate, and the passage of the 
chlorine was continued until the liquid was green in tint. On 
removal, the solid fumed in air; it melted indefinitely at about 
115®, and contained chlorine but no nitrogen. On boiling with 
water, it dissolved, and, on cooling, needles of diphenylarsinic acid 
separated. It seeihs likely that the compound in question was 
diphenylarsenio oxychloride, (Ph 2 AsCl 2 ) 20 , which melts at 117® 
(La Coste and Michaelis, Annalen, 1880, 201, 230), produced by 
the hydrolysis of the cyano-group, thus: 

PhgAsCVCN + H 2 O=Ph2AsCl2-OH + HCN, 
2Ph2AsCl2-OH = HgO -f. Ph^AsClg-O-Ph^sCla, 

whilst its conversion into diphenylarsinic acid would be interpreted 
as follows: 

Ph^AsClg-O-PhgAsClg -h 4 H 2 O = 4HC1 + Ph2AB(0H)2-0-Ph2A8(0H)2, 
Ph2As(0H)2-0-Ph2A8(0H)2 + 2HC1 = HgO + 2Ph^8Cl(0H)2, 

Phg AbC 1{OH)2 + HgO = HCl + Ph2A8(OH)3, 
Ph2AB(0H)8=H20 + PhgAsO-OH. . 

When the addition of chlojme to diphenylcyanoarsine was con- 
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ducted with dry benzene or dry carbon tetrachloride as the solvent, 
a similar result was obtained. 

On allowing the benzene filtrate in the first experiment to remain 
for several days at the ordinary temperature, a crystalline product 
was gradually deposited, which softened at 123° and melted at 
127°. It amounted to 2 grams, and contained both nitrogen and 
chlorine. Another quantity of this substance was obtained from 
a similar experiment, the difference between it and the first sample 
being in the somewhat higher melting point, namely, 130—133°. 
The product, in fact, appeared to be diyhtnylcycmoarBMie dichl&ride, 
Ph2As(CN)Cl2. 

Found: 01 = 22*0. 

Ci 3 HioNCl 2 A 8 requires 01 = 21*8 per cent. 

When once it had been isolated, it was apparently fairly stable 
when dry, since it underwent no change when kept in a desiccator 
for three weeks. When boiled with water, it dissolved completely, 
and needles of diphenylarsinic acid separated on cooling, as repre¬ 
sented by the equations 

Ph2A8(0N)0l2 + 3 H 2 O = HON + 2H01 -f 

Ph2As(OH)3 = H 2 O + PhgAsO-OH. 


Action of Sodium Hydrosulphide on Diphenylchlot^oarsine. 

This action was studied in order to ascertain if diphenylarsine 
hydrosulphide could be formed, thus: 

Ph^AsOl -f NaSH = PhgAs-SH + NaOl. 

The product consisted, however, of diphenylarsenious sulphide, 
which was presumably formed by the elimination of hydrogen 
sulphide from the hydrosulphide: 

2 Ph 2 As-SH = H 2 S ■+■ Ph^As-S-AsPha. 

The yield was 83 per cent, of the theoretical. 

The authors desire to acknowledge the valuable assistance 
rendered by Miss Agnes Paterson Millar, B.So. (Mrs. Oleland), 
Miss Nellie Walker, M.A., B.Sc., and the late Mr. George Fyfe 
Elder. 

Univxbsity Collbob, Dundee, 

Univbksity of St. Akdbkws. 


[Received, March 1920.] 
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Thursday, March 25th, 1920, at 5 p.m. 

Sir James J. Dobbie, M.A., D.Sc., F.R.S., Preeident, in the 
Chair. 

Dr. H. Bassett and Mr. A. Stevenson were elected Scrutators, 
and the ballot for the election of Officers and Council was opened. 

The adoption of the Report of Council, together with the Balance 
Sheet and Statement of Accounts for the year ending December 
31st, 1919, was proposed by Dr. F. L. Pyman, seconded by Mr. E. 
Grant Hooper, and carried. 


Report of Council, 1919—1920. 


A substantial addition to the number of Fellows was reported 
for 1918, and the Council is gratified to record a still greater 
increase during the past year. On December Slst, 1918, the number 
of Fellows was 3,401. During 1919, 374 were elected and 18 re¬ 
instated, making a gross total of 3,693. The Society has lost 43 
Fellows by death, 42 resignations have been received, the election 
of 1 has been declared void, and the names of 38 have been removed 
for non-payment of Annual Subscription. The total number of 
Fellows, therefore, on December 3l8t, 1919, was 3,569, showing 
a net increase of 168, as against 131 the previous year. 

It is with deep regret the Council has to report that the follow¬ 
ing Fellows have died: 


Herbert Anderson (1895). 

William Beam (1903). 

David Bendix (1874). 

Richard Blenkinsop (1902). 

Arthur Anderson Bones (1912). 
John Richard Brooke (1900). 
Adrian John Brown (1876). 
Herbert Stoddard Coleman (1913). 


William James Cousins (1885). 

Sir William Crookes (1867). 
Walter Henry Dixon (1912). 
WiDiam Lofland Dudley (1890). 
Owen Charles Edwards (1918). 
Arthur Henry Elliott (1878). 
Philip Anderson Estcourt (1888). 
Thomas Fairley (1865). 
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George Carey Foster (185(5). 

William Humphrey Gibson (1888). 
Harold Cecil Greenwood (1916). 
Samuel Godfrey Hall (1899). 
Augustus George Vernon Harcourt 
(1859). 

John Holmes (1897). 

Henry Owen Huskisson (1861). 
George Frederic Kendall (1884). 
John Falconer King (1876). 

Edward Gurley Love (1882). 
Thomas Morison Maben (1915). 
James Baird MacLachlan (1910). 
George Martineau (1871). 

Arthur Sampson Napier (1874). 


William Henry Oates (1893). 

Walter Parker (1917). 

Francis Reginald Power (1884). 

Sir Bovorton Redwood (1866). 
Norman Scott Rudolf (1909). 

Alfred Ulrich Max Schlaepfer (1918). 
John Emilius Lancelot Shadwell 
(1880). 

Harry Shulman (1915). 

Sir Peter Wyatt Squire (1882). 
James Fleming Stark (1870). 

John Charles Umney (1893). 

Elwyn Waller (1878). 

Christopher Jowph Whittaker (1899). 


The Council has to mourn the loss of three Past-Presidents, Sii 
William Crookes, O.M., Dr. A, G. Vernon Harcourt, and Prof. J. 
Emerson Reynolds. Obituary notices of these and other Fellows 
will appear in the Transactions in due course. 

Resignations have been received from: 


Paul Seidelin Arup (1906). 

Thomas James Bandinel (1916). 

Frank Bayley (1917). 

William Charles Trevor Bea.sley 
(1917). 

John Cardew Bed well (1901). 

William Berry (1888). 

Wilfred William O. Beveridge (1903). 
Robert Bickerstaffe (1908). 

William George Brown (1884). 
Alexander Caruth (1913). 

Pinzen Cheng (1915). 

Joseph Morgan Davey (1905). 

Jolm Arthur Dewhirst (1899). 

Edward Percy Frankland (1912). 
George Pomeroy Furneaux (1909). 
Henry Wippell Gadd (1901). 

George Harrison Gemmell (1885). 
Stanton Gibson (1913). 

Arthur Frank Girvan (1908). 

Alfred Rowland Gower (1893). 
Herbert Green (1878). 


Edgar Percy Hedley (1906). 
Arthur Edward Holme (1895). 
Robert John Hughes (1918). 

Edgar Jobling (1912). 

James Johnstone (1896). 

Charles Jolm J. Mansford (1897). 
Frank Clifford Marchant (1913). 
Robert Mills (1911). 

John Charles Henderson Mingave 
(1887). 

Louis Murgatroyd (1907). 

Frank Henry Pugh (1917). 

Louis John Eczekiel Riley (1904). 
Conrad Howard Rogers (1916). 
Jolm George Rose (1910). 

William Charles Ross (1902), 
Ernest William Smith (1910). 
James Thomas Stevenson (1909). 
Alan West Stewart (1914). 

Cedric Gerard Verver (1917), 
Alexander Watt (1877). 

William Henry Withey (1908). 


The congratulations of the Society are offered to Mr, Thomas 
^^gg> who, having been elected on November 17th, 1859, has 
completed sixty years as a Fellow, and to the following, who have 
attained their jubilee as Fellows: 

VOL cxvn. 
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William Henry Deering ... 
James Thomson Bottomley 

William James Lewis . 

George Robertson Hislop ... 

David Brown . 

Alexander Muirhead. 


Elected. 

April let, 1869. 
April 16th, 1869. 
Nov. 4th, 1869. 
Jan. 20th, 1870. 
Mar. 17th, 1870. 
Mar. 17th, 1870. 


Since the last Annual General Meeting, the Society has lost 
two Honorary and Foreign Members, Prof. A. P. N. Franchi- 
mont and Prof. Alfred Werner. Sir Edward Thorpe and Prof. 
G. T. Morgan, respectively, have undertaken to prepare obituary 
notices of these distinguished chemists. 

The volume of Transactions for 1919 contains 1,517 pages, of 
which 1,392 pages are occupied by 139 memoirs, the remaining 
125 pages being devoted to Obituary Notices, lectures on special 
subjects, the Report of the Annual General Meeting, the Presi¬ 
dential Address, and the Report of the International Committee 
on Atomic Weights. The volume for the preceding year con- 
tair///d 89 memoirs, occupying 849 pages. The Journal for 1919 
contains also 2,534 abstracts, occupying 1,148 pages, whilst the 
abstracts for 1918 numbered 2,436 and occupied 1,032 pages. In 
the last Report, in referring to the great and continuous decrease 
since the start of the war in the number of memoirs published in 
journals devoted to chemistry and allied subjects, the view was 
expressed that the lowest point had probably been reached and 
that an increase in the number of papers abstracted might be 
anticipated. This view has been justified; the number has shown 
a decided increase, especially in the latter part of the year, and 
a very considerable increase seems to be indicated for 1920. 

The abstracts may be classified as follows: 


Part I. 


Pages. 

Organic Chemistry . — 

Physiological Chemistry . 

Chemistry of Vegetable Physiology and Agriculture ... 


No. of 
Abstracts. 
823 
144 
186 


Part II. 


General and Physical Chemistry 

Inorganic Chemistry. 

Mineralogioal Chemistry . 

Analytical Chemistry . 


616 1,163 


636 

— 239 

67 

— 449 

632 1,381 


1,148 2,634 


Total in Parts I. and II. 
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In connexion with the revision of the Bye-laws, to which refer¬ 
ence was made in the last Report of Council, an Extraordinary 
General Meeting of the Society was held on May 8th, 1919. At 
this meeting, eight resolutions dealing with various modifications 
of the constitution of the Society were passed (see Proc., 1919, 
p. 69), and the Council was authorised to secure a supplemental 
Charter giving the power to make the necessary alterations in the 
Bye-laws. The petition praying for such supplemental Charter 
was presented to the Privy Council last July, and His Majesty has 
now been graciously pleased to grant the request of the Society. 
The supplemental Charter has been received, and an Extraordinary 
General Meeting will be summoned at an early date to consider the 
alterations in the Bye-laws proposed by the Council under the new 
conditions. 

Reference was made in last year's Report to the question of 
the publication of Chemical Compendia in the English language. 
The scheme set forth in the Report of the General Committee of 
the Chemical 6md Allied Societies was at a later date duly approved 
by the Council, and its further development was placed in the 
hands of the Federal Council for Pure and Applied Chemistry. 
The decision of the Council was communicated to the French and 
American Chemical Societies, to those societies represented on the 
General Committee, and to the Department of Scientific and Indus¬ 
trial Research, which later intimated that it would be prepared 
to consider an application from the Federal Council for financial 
assistance. 

The question of the supply of chemical glassware and fine 
chemicals for research purposes, raised by the Department of 
Scientifio and Industrial Research, has received the earnest atten¬ 
tion of the Council. Its considered opinion on these matters 
was communicated to the Department of Scientifio and Industrial 
Research, and the views of the Council were expressed in greater 
detail by a deputation which waited on the Department. 

The Council have accepted from the Harrison Memorial Com¬ 
mittee the administration of a Trust Fund for Research purposes 
and of a Memorial to the late Lieut.-Colonel E. F. Harrison, 
C.M.G., Director of the Chemical Warfare Department of the 
Ministry of Munitions. A position for the memorial hew been 
found on the upper part of the arch outside the Meeting Room, 
and it is intended that the names of all those Fellows who fell 
in action or died on service shall appear in dose proximity to 
the memorial. 

A collection of letters and portraits received by the late Sir Henry 
E. Roeooe from eminent scientifio men of his time has been pre- 

Q 2 
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sented to the Society by Miss Roscoe, to whom the Council has 
expressed its appreciative thanks for this interesting and valuable 
gift. 

The first of the three Lectures arranged by the Council to be 
delivered during the present Session was given on December 18th 
by Prof. James Walker, who chose as his subject ‘'War Experiences 
in the Manufacture of Nitric Acid and the Recovery of Nitrous 
Fumes.'* The lecture on ‘‘Some War-time Efforts in Chemical 
Industry at Gretna," which wsis to have been delivered on 
March 4th by Mr. John C. Burnham, has been unavoidably postr 
poned. The third of the series will be given on June 17th by 
Prof. J. C. McLennan, who will lecture on “ Helium." The Council 
is gratified to find that the delivery of lectures on special subjects 
continues to meet with appreciation from the Fellows, and regrets 
that the seating accommodation afforded by the Meeting Room is 
inadequate for these occasions. 

Prof. A. W. Crossley and Dr. A. Scott have consented to act 
as the Society’s representatives on the Conjoint Board of Scientific 
Societies, whilst Prof. H. E. Armstrong, Sir William J. Pope, and 
Sir William A. Tilden have been reappointed as the Society’s 
representatives for the current year on the Federal Council for 
Pure and Applied Chemistry. The Council has further nominated 
Dr. J. C. Cain, Mr. A. J. Greenaway, Mr. C. A. Hill, Prof. J. M. 
Thomson, and Prof. F. Soddy to serve on the Sub-Committees of 
the Imperial Mineral Resources Bureau. 

The Celebrations held by the French Chemical Society in Paris 
on June 5th and 6th, 1919, were attended by Sir William J. Pope 
as the Society’s representative. 

Permission was given to Dr. Kling, Director of the Laboratoire 
Municipale de Paris, to issue a French translation of the Annual 
Reports for 1918, and this was published in the early part of 1920 
by Messrs. Gauthier-Villars et Cie. 

At the request of the American Chemical Society, the Council 
has appointed a Committee, consisting of the Officers and the 
Editors, to co-operate with corresponding Committees appointed 
by the American Chemical Society and the Society of Chemical 
Industry to consider questions of Nomenclature, Spelling, and 
Pronunciation. 

At the suggestion of Prof. P. A. Guye, the Council has agreed 
to refer the question of publishing Tables of Physico-Chemical 
S 3 naibol 8 to the Union Internationale de la Chimie Pure et 
Appliquee. 

The Council desires to record its thanks to those Fellows who 
have contributed to Vol. XVI. of the Annual Reports, and to 
the Abstractors for their services during the past year. 
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A circular was issued to Fellows on January 23rd, 1920, stating 
that, subject to sufficient support being received, it was proposed 
to hold a Soiree at the Natural History Museum on the evening 
of Thursday, March 25th, the day of the Annual General Meeting. 
Owing, however, to insufficient support being forthcoming, the 
Council was reluctantly compelled to abandon the proposal. 

The scheme for the extended use of the Library has now been 
in full operation since May 1st, 1919, and the fact that during the 
additional hours of opening the Library, 1,198 attendances were 
recorded, affords evidence that these extra facilities are appreciated. 
As already announced, the Libi^ary is now open until 9 p.m. every 
week-day except Saturday, when it closes at 5 o’clock. 

The expenditure incurred during 1919 in enlarging the scope of 
the Library amounted to £439, of which sum £406 lO.s. 
was received from the following Societies: Association of British 
Chemical Manufacturers, Biochemical Society, Faraday Society, 
Institute of Chemistry, Society of Chemical Industry, Society of 
Dyers and Colourists, and the Society of Public Analysts. It is 
estimated that from £550 to £600 will be required to continue the 
scheme during 1920. 

The number of books borrowed from the Library during 1919 
was 2,867, as against 2,905 in 1918. The additions to the Library 
comprise 189 books, 338 volumes of periodicals, and 86 pamphlets, 
as compared with 126, 255, and 31, respectively, the previous 
year. 

The accounts for the year 1919 show a balance of income over 
expenditure amounting to £522 3^. 3/7., as against £2.489 4^. 4/7. 
reported last March for the previous year, and it is now necessary 
to recognise that the prevailing high costs are rapidly overtaking 
the economies due to diminished printing during the War. Thus, 
although the income from all sources amounts to £11,838 Is. 7r/., 
and exceeds that recorded for 1918 by £1,755 6s. 8/7., the expendi¬ 
ture has increased by £3,722 7s. 9/^/., reaching the sum of 
£11,315 18s. 4d. 

On examining the details of income and expenditure, it will be 
found that the increase of revenue arises from additional life com¬ 
positions £263, admission fees £148, and subscriptions £315, 
together with £138 15if. dd. from interest on increased investments, 
£417 12^?. 4d. from sale of publications, and £574 145. 11/7. repre¬ 
senting increased gross proceeds from advertisements in the 
Journal. 

The very serious increase of £3,722 75. 9/7. in expenditure is 
owing principally to the cost of the Society’s publications, which 
aggregates £8,034 135. 5/7., as against £5,247 II 5 . 9/7. for 1918, an 
excess of £2,787 I 5 . 8/7. This is in some measure duo to the 
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expected partial recovery in the volume of Transactions, as 
indicated by the following synopsis: 


Number of Pages. 
Trans. Abstr. Total. 


1914 2,909 2,068 4,977 

1915 . 1,862 1,944 3,806 

1916 . 1,368 1,532 2,900 

1917 1,128 1,308 2,436 

1918 995 1,032 2,027 

1919 1.517 1.148 2 666 


In so far as this represents an increased production of original 
work, it is a gratifying feature of the Peace year, but the enhanced 
cost of printing the Journal, which rose from £2,750 8 s. Zd, in 
1918 to £4,625 2s. Id. in the year under review, is the cause of 
grave anxiety to the Council. At its request, the situation has 
been explored by the Finance Committee, but it has not been found 
possible to devise any practicable remedy; it appears from the 
inquiry that the position of the Society is less unfavourable than 
that of some other similar bodies. Nevertheless, the fact that the 
cost of the Journal per page has now reached £2 4^. 8d., in com¬ 
parison with 175. 9d. in 1914, will shortly become the source of 
deep embarrassment, because a return to pre-war volume unaccom¬ 
panied by a diminution in cost of production would confront the 
Society with an expenditure of £12,000 on the Journal alone, 
involving a deficit approximating to £4,000 per annum. 

Having regard to this forecast, the Council considers it a duty 
to urge uffon authors the most rigid observance of word-economy 
in expressing their ideas and the restriction of experimental details 
within the smallest possible compass. 

The necessity of increasing the remuneration made to the staff 
has been the principal cause of a rise in administrative expenses 
from £1,681 65 . 5d. in 1918 to £2,220 75 . 4d. in 1919. 

£2,000 National War Bonds were purchased early in the year, 
and £480 invested in Funding Loan, but the estimated value of 
the Society's investments on December Slst, 1919, was only 
£1,291 IO 5 . lOd. higher than at the corresponding date a year 
before. 

The following grants have been made from the Research Fund 
during the year ; 

The physical cheinical pToperties oi heryhium compounds. 

A. J. Allmand. 

The formation of binary and ternary mixtures of constant 
minimum boiling point in a group of organic liquids. 

W. R. G. Atkins. 


£10 0 0 

10 0 0 
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Formation and stability of spiro-compounds. O. Becker ... 

(а) Physiologically active bases. 

(б) Spirane bases with a view to resolution into optically 

active components. G. M. Bennett . 

Oximino-derivatives. O. L. Brady. 

The biochemistry of iodine. A. T. Cameron. 

Action of sulphuretted hydrogen on organic compoimds con¬ 
taining unsaturated linkages. F. Challenger . 

The constitution of carbazole blue. M. Copisarow . 

Study of the addition of alkyl haloids to ethyl )8-diethylamino- 

orotonate. P. W. Denny . 

Derivatives of xanthene. S. N. Dhar . 

Isomerism of the oximes. F. P. Dunn . 

Ring formation of organic compounds. E. H. Farmer . 

The constitution of weak acids and their salts. J. C. Ghosh 

(а) Preparation of substituted glutaric acids. 

(б) Constitution of Guareschi’s spiro-compounds. W. H. 

Gough . 

Action of halogens upon dichlorodimethylci/cZohexadiene. 

L. E. Hinkel. 

Condensation of ethyl sodiomalonate with glycolchlorhydrin. 

J. Kenner. 

The solubility relationships of 4'dimethylamino-l-phenyl- 

,3-methylpyrazole. H. King. 

Formation of ketones from acids of the glutaric series and the 
formation of bridged-ring compounds. G. A. R. Kon... 
The properties of certain binary mixtures of liquids. J. I. O. 

Masson. 

A quantitative method of determining the velocity of coagu¬ 
lation. J. N. Mukherjee . 

The reactivity of sulphur chloride with amino- and ami do- 

compounds. K. G. Naik . 

Attempted synthesis of myricetin. M. Nierenstein . 

Action of diazomothane on o-diketones and on acyl chlorides. 

M. Nierenstein. 

The investigation of gallotannin (contd.). M. Nierenstein... 
The relationship between melting point, chemical composi¬ 
tion and physical properties of series of organic com¬ 
pounds. P. W. Robertson . 

The latent heat of fusion of paJmitic acid and other fatty 

acids. (Mrs.) K. Stratton. 

The conversion of bomeol into camphene and the study of 

analogous recMstions. (Miss) M. Tadman . 

Influence of the constitution of tertiary bases on the rate of 
formation of quaternary ammonium salts (contd.). E. R. 
Thomas . 


Total 


£15 0 0 

6 0 0 
10 0 0 
15 0 0 

10 0 0 
20 0 0 

10 0 0 
10 0 0 
10 0 0 
15 0 0 
30 0 0 

15 0 0 

15 0 0 

10 0 0 

5 0 0 

15 0 0 

10 0 0 

15 0 0 

10 0 0 
10 0 0 

15 0 0 

15 0 0 

8 0 0 
20 0 0 
10 0 0 

15 0 0 
£358 0 0 


Whilst the aggregate grants exceeded by £261 14«. Od. the corre 
spending payments for 1918, the balance of income over expendi¬ 
ture for 1919 is £349 Ids. 11</., as against £539 13^. M. for the 
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previaus year. The return on investments was J024 65 . bd, higher, 
and £91 Os. 10c?. was realised by sale of gold and platinum; on 
the other hand, the repayment of grants was £44 14s. bd. less than 
during 1918, and the recovery of income-tax was £13 5s. 4c?. lower. 
£300 National War Bonds were purchased for this account in 1919. 

A vote of thanks tro the Auditors, proposed by the Treasurer 
and seconded by Mr. F. G. Pope, was carried unanimously, Dr, 
C. K. Tinkler making acknowledgment. 

Professor H. Brereton Baker proposed a vote of thanks to the 
Treasurer, Secretaries, and Council for their services during the 
past year. This was seconded by Dr. T. Slater Price, and 
acknowledged by Professor S. Smiles, the retiring Secretary. 

The President then delivered his Address, entitled, “The War 
and Key Industries, with special reference to the Fixed Nitrogen 
Industry.” 

A vote of thanks to the President for his services in the Chair 
during the past year and for his Address, coupled with the request 
that he would allow the Address to be printed in the Transactions, 
was proposed by Sir William A. Tilden, and seconded by Dr. 
Alexander Scott. The motion was carried with acclamation, and 
acknowledged by the President, 

The Scrutators presented their report, and the President 
declared the following to have been elected as Officers and Council 
for the ensuing year: 

President .—Sir James Johnston Dobbie, M.A., D.Sc., F.R.S. 

Vice-Presidents who have filled the office of President .—Henry 
Edward Armstrong, Ph.D., LL.D., F.R.S.; Alexander Crum 
Brown, D.Sc., LL.D., F.R.S. ; Sir James Dewar, M.A., LL.D., 
F.R.S.; Harold Baily Dixon, C.B.E., M.A., Ph.D., F.R.S.; Percy 
Faraday Frankland, Ph.D., LL.D., F.R.S.; William Odling, M.A., 
M.B., F.R.S.; William Henry Perkin, Sc.D., LL.D., F.R.S.; Sir 
William Jackson Pope, K.B.E., M.A., D.Sc., F.R.S.; Alexander 
Scott, M.A., D.Sc., F.R.S.; Sir Edward Thorpe, C.B., LL.D., 
F.R.S.; Sir William Augustus Tilden, D.Sc., LL.D., F.R.S. 

Vice-Presidents .—Julius Berend Cohen, Ph.D., B.Sc., F.R.S.; 
Frederick George Donnan, M.A., Ph.D., F.R.S.; Henry John 
Horstman Fenton, M.A., Sc.D., F.R.S.; Samuel Smiles, O.B.E., 
D.Sc., F.R.S.; James Walker, D.Sc., LL.D., F.R.S.; William 
Palmer Wynne, D.Sc., F.R.S. 

treasurer.—Mhvim Onslow Forster, D.Sc., Ph.D., F.R.S. 
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INCOME AND EXPENDITUKE ACCOtNI 


To Life OompositionH. 

,, Admission Fees . 

,, Annual Subscriptionh— 

Received In advance, on account of liUO . 

„ during 1919 „ „ . 

u . 1918 . 

,, ,, ,, „ 1917 and previous 


Lesn amount included in last year's Income, being valuation of 
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PRESIDENTIAL ADDRESS. 


Delivered at the Annual General Meeting, March 25th, 1920. 
By Sir James J. Dobbie, M.A., D.Sc., LL.D., F.R.S. 


llie War and Key Industries, with special reference 
to the Fixed Nitrogen Industry. 

It is my })rivilege to address you for the first time as President 
in the year in which the war has been declared officially at an end. 
Whether the peace which we have achieved is to usher in a new 
era of greatness and prosperity for our country or to mark the 
beginning of its decline will depend on the thoroughness with 
which we have learned the lessons of the great war and with which 
we are prepared to apply them. 

Amongst these lessons there is none more important than that 
which concerns the dependence on foreign countries of home indus¬ 
tries that are vital to the safety of the State. The war has 
taught us that a sound national policy requires us in future to 
jiroduce or have the means of producing within our own country 
many articles which formerly we obtained exclusively from abroad. 
From a general survey of our industries it will be seen that they 
form a highly complex system in which certain products are essen¬ 
tial to the manufacture of others. When these essential products 
cease to be available the industries dependent on them are neces¬ 
sarily brought to a standstill. Industries which are in this way 
essential to others are now commonly known as '' key'' industries, 
one of the many terms to which the war has given birth or at 
any rate to which it has given wide currency for the first time. 
When such industries are carried on exclusively abroad it is 
obvious that the existence of the industries in this country which 
depend on them must be jeopardised in time of war, and we have 
had many illustrations of this danger in the course of the last five 
years. On the outbreak of war it was discovered that we were 
entirely dependent on enemy sources for certain kinds of optical 
glass used in the construction of instruments required for war 
service, and the manufacture of such instruments was in conse¬ 
quence seriously interfered with. Again, the failure of the usual 
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supplies of coal-tar dyes threatened a large section of our textile 
industries with ruin. So alarming was the position thus created 
that the Government speedily realised the necessity for interven¬ 
tion, and under its aegis and with its financial assistance the move¬ 
ment which now promises such rich results was inaugurated for the 
revival in this country of the manufacture of coal-tar dycvS. The 
recognition by Government that it is the duty of the State, in such 
circumstances as I have described, to intervene, is perhaps one of 
the most significant and far-reaching consequences of the war so 
far as our industries are concerned. Many difficult and delicate 
economic questions will undoubtedly arise in the future in con¬ 
nexion with ^‘key” industries, and it is important that claims 
for the special treatment of these should be put forward only where 
some truly national interest is at stake. 

The publication of the Report of the Nitrogen Products Com¬ 
mittee of the Munitions Inventions Department has recently 
directed attention prominently to the group of industrievs concerned 
with the synthetic production of ammonia, nitric acid, and other 
com})ounds of nitrogen. It is unnecessary for me to dwell on 
the importance of these compounds in their relation especially to 
agriculture and to the manufacture of munitions of war. Without 
them our agricixlture would languish, and we should lack the means 
of producing those explosives which are most essential to the 
conduct of modern warfare. Yet before the end of the war our 
supply of ammonia was running short, and our stock of sodium 
nitrate could only be replenished with ever-increasing difficulty. 

The Report of the Nitrogen Products Committree closes with the 
following observation: 

“As far as the United Kingdom is concerned, nitrogen-fixation 
and allied processes will constitute a new ‘key’ industry.” 

This conclusion is one of enonnous importance to our country, 
and I have thought it might be useful this afternoon to examine 
briefly the grounds on which it is based and endeavour to emphasise 
some of the lovssons which may be learned from the Committee’s 
Report. 

Before the war there was no nitrogen question in this country. 
We were then producing about five times as much ammonium 
sulphate as we required for our own use, and our production was 
increasing at a greater rate than our consumption. In such circum¬ 
stances there seemed to be no cause for anxiety with regard to the 
future. 

The main facts relating to the supply and disposal of the various 
forms of fixed nitrogen are simple, and as they are essential to a 
proper understanding of the nitrogen problem it will be convenient 
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to state them at once. We depend for ammonia almost entirely 
on the by-products of the gas works and coke ovens, and for sodium 
nitrate on our imports from Chile. Taking the average of the 
years 1911-13 our annual production of ammonium sulphate (25 per 
cent. NH 3 ) was 393,927,tons, of which we retained only 70,454 tons 
for our own use, exporting 323,473. Our average annual imports 
of sodium nitrate for the same period amounted to 130,997 tons. 

In discussions relating to our nitrogen resources we are concerned 
not so mucli with the amounts of the various compounds containing 
nitrogen as with the total amount of the element. It is convenient, 
therefore, to express all quantities whether of ammonium sulphate, 
sodium nitrate, or oyanamide, in terms of nitrogen, and this plan 
has been followed with great advantage throughout the Commit¬ 
tee’s Report. In one of the tables entitled “Nitrogen Balance 
Sheet for the United Kingdomthe amount of combined nitrogen 
produced in this country or imported into it is shown on one side 
of the account, and the amount used in its industries or exported, 
on the other. It appears from this statement that for the period 
1911-13 we produced annually on the average 82,404 tons and 
imported 23,979 tons of combined nitrogen, and that we exported 
71,490 tons, retaining in the country for our own needs 34,893 tons. 
Although we are not concerned for the present with the disposal 
of the balance remaining in this country, it may be interesting to 
notice in passing what became of it. Agriculture absorbed by far 
the larger part—25,015 tons; the manufacture of sulphuric acid 
and explosives for mining and quarrying, 2885 and 1901 tons 
respectively; the manufacture of nitric acid, poteissium nitrate, 
munitions of war, and fireworks together 2059 tons; the ammonia- 
soda and cold-producing industries, 1150 tons, leaving 1883 tons 
unaccounted for. 

At first sight the position of Germany at the beginning of the 
war in regard to combined nitrogen does not seem to have differed 
much from our own. She obtained ammonia almost entirely from 
her gas works and coke ovens, but required nearly all she produced 
for her own purposes. Her margin for exportation in 1913 
amounted to no more than 76,000 tons of sulphate. She drew her 
supplies of sodium nitrate, as we did, from Chile, but in conse¬ 
quence of the large extent of land under cultivation and her liberal 
use of nitrogenous fertilisers, her demand for nitrate was more 
than six times as great as ours, and in 1913 exceeded 800,000 tons. 

When we look more closely we see that the positions, however 
similar superficially, differed profoundly. Por some years prior to 
1914 Germany had been manufacturing cyanamide on a limited 
9 cal^, and not long before the outbreak of war the Haber process 
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for producing ammonia by the direct union of hydrogen and 
nitrogen had reached the stage at which its success as an industrial 
process was assured. She also possessed in the process which bears 
Ostwald’s name the means of converting ammonia by oxidation 
into nitric acid. Thus there existed potentially in Germany the 
means of producing unlimited quantities of ammonia and nitric 
acid, whilst our supplies of ammonia were restricted by the output 
of our gas works and coke ovens, and we were entirely dependent 
for nitric acid on the importation of sodium nitrate. So far as 
these commodities, so necessary to her agriculture and to the con¬ 
duct of the war, were concerned, Germany was self-contained and 
was in a position to supplement the ammonia which she obtained 
from by-product sources and to replace the sodium nitrate which 
she imported from overseas to any required extent by synthetic 
products. Although exact statistics are not obtainable, it is esti¬ 
mated that her production of calcium cyanamide, which was only 
24,000 tons in 1913, had risen in 1917 to at least 400,000 tons, and 
within the same period her production of ammonium sulphate by 
the Haber process had increased from 30,000 tons to 500,000 tons. 
The development of the ammonia oxidation process in the course 
of the war was a still more remarkable achievement when it is 
remembered that it had only been tested on a comparatively small 
industrial scale when the war began. There is good reason to 
believe that by the middle of 1916 the amount of sodium nitrate 
])roduced by Ostwald's process was equivalent to more than a 
quarter of a million tons of nitric acid per annum. 

The synthetic production of nitric acid was a necessity for Ger¬ 
many. By our blockade she was cut off from her overseas supplies 
of sodium nitrate, and had she been unable to make good the want 
from internal sources she would have been compelled to sue for 
peace as soon as her reserve stocks were exhausted. The develop¬ 
ment of the ammonia oxidation process alone made the war 
possible. It has been well said that this was a chemists' war. 

As the war progressed it was not long before the weakness of 
our position became apparent. We have seen that at its com¬ 
mencement our production of ammonia was far in excess of our 
own requirements, and after our Navy had swept the German 
cruisers from the seas there seemed to be no longer any ground 
for anxiety as to the maintenance of our supplies of sodium 
nitrate. With the development of the submarine warfare, however, 
a new situation was created. The importation of nitrate was again 
endangered, and although we had still sufficient ammonia available 
to give us by oxidation all the nitrate we required, we possessed 
neither the plant nor the technical experience necessary to effect 
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the conversion. The sodium nitrate that continued to reach us 
was required to an ever-increasing extent for the manufacture of 
munitions, and soon there was none available for agriculture, and 
it was necessary to replace it for this purpose by ammonium sul¬ 
phate. The substitution of ammonium sulphate for sodium nitrate 
as a fertiliser made a further heavy demand on our surplus stock 
of the sulphate. This was also being more and more depleted by 
the ever-growing requirements of the munition factories, especially 
after the introduction of amatol, which contains as much as 80 per 
cent, of ammonium nitrate, and it became necessary to restrict 
the exportation of ammonium sulphate. The amount exported, 
which reached 325,000 tons in 1913, fell in 1916 to 259,000 and 
in 1918 to 19,150 tons, but even this did not long suffice to allay 
anxiety with regard to the future. With the increasing destruc¬ 
tion of our corn ships, the question of maintaining our food supplies 
became one of great urgency. Steps were taken to increase the area 
of cereal cultivation and at the same time to increase by heavier 
manuring the productivity of the land already under the plough. 
These measures made still further demands on our stock of ammon¬ 
ium sulphate, and it was recognised that the time was rapidly 
approaching when the ample margin existing at the beginning of 
the war would be exhausted and the country would be face to 
face with a shortage of ammonia. Before the war ended the 
shortage was actually making itself felt. According to a statement 
made to the Committee on behalf of the Board of Agriculture, 
60,000 tons of ammonium sulphate more than was available could 
have been disposed of to farmers during the season June, 1917, to 
May, 1918. 

Thus a situation had actually arisen which, had it been sug¬ 
gested at the beginning of the war, would have seemed too remote 
for serious consideration. 

We know now that under the conditions of modern warfare we 
are exposed to a formidable danger against which we can only 
adequately protect ourselves by having at command the means of 
producing ammonia and nitric acid to any required amount within 
our own shores. This is the inevitable conclusion that is forced 
upon us by a study of the facts as they unfolded themselves in 
the course of the war. 

Already in the early summer of 1916 the position was causing 
so much anxiety that with the sanction of the present Prime 
Minister, then Minister of Munitions, the Committee, afterwards 
known as the Nitrogen Products Committee, was appointed to 
report on the whole question of the fixation of atmospheric nitro¬ 
gen with reference to the needs of the country and the Empire, 
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and on the steps necessary to conserve and increase the national 
resources in nitrogen-bearing compounds. Although by the terms 
of reference the scope of the Committee's inquiry extended to peace 
as well as to war conditions, the question that pressed for an 
immediate answer was how to increase our supply of ammonia, if 
necessary, during the war. Obviously one of the first steps was to 
examine into the possibilities connected with the existing sources 
of supply. The Committee, therefore, instituted an exhaustive 
inquiry into the conditions of the various industries in which 
ammonia is obtained as a by-product. Improvements in the exist¬ 
ing practice of recovery from the gas works; the saving of the 
ammoniacal liquor which is at present allowed to run to waste from 
the smaller works; the replacement of the beehive ovens still exten¬ 
sively used in this country in coke-making by ovens adapted to 
the recovery of the ammonia produced in the process; the more 
extended use of coal gas and coke instead of raw coal for domestic 
and industrial purposes, were all considered, and suggestions under 
these various heads were made to the Ministry of Munitions. It 
was, however, clearly established that whilst a substantial increase 
of ammonia might ultimately be obtained from such sources, the 
immediate gain could not be great. As a matter of fact, the yield 
of by-product ammonia in this country increased by 26,000 tons 
between 1913 and 1917, the increase being due mainly to the sub¬ 
stitution of recovery for beehive ovens. 

Possible sources of supply not hitherto utilised, such as peat and 
sewage, were also reviewed, but no satisfactory method of obtaining 
ammonia from them on the industrial scale having yet been worked 
out, it was recognised that extensive investigation, probably 
extending over a long period, would have to be undertaken before 
the practicability of utilising them economically as sources of 
ammonia could be put to the proof. 

It remained to inquire into the possibility, as a war measure, of 
installing one or other of the processes for the fixation of nitrogen 
which were in use on the Continent. Two things had to be con¬ 
sidered in this connexion: the suitability of the various methods 
to the conditions of this country, and the time likely to be required 
for their installation, having regard, amongst other things, to 
the amount of preliminary experimental work involved. It was 
obvious that those processes which depend on the direct union of 
oxygen and nitrogen under the influence of the electric arc are 
unsuited to this country owing to the want of a cheap and abun¬ 
dant supply of water-power to produce the large amount of electric 
energy required. The production of calcium cyanamide, from 
which ammonia is readily obtained, also requires a large expendi- 
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tur© of energy, although a relatively small amount per unit of 
nitrogen fixed, as compared with the arc processes. This, however, 
is counterbalanced to some extent by the abundance and cheapness 
of the limestone and anthradt© required for its production. 

Although cyanamide had never been manufactured in this 
country, the working details of the process were easily procurable, 
and the Committee felt justified, therefore, in recommending it for 
adoption as the one best suited to meet any shortage of ammonia 
that might occur during the war. This recommendation was at 
first adopted, but for reasons which I need not enter into now was 
not acted on. 

From the date of the appointment of the Committee a staff of 
chemists and physicists, under the direction of Dr. J. A. Harker, 
was actively engaged in an experimental investigation of the con¬ 
ditions of the manufacture of ammonia by the Haber process, 
which had been introduced into Germany not long before the 
outbreak of war. This process requires the expenditure of only a 
comparatively small amount of power, and is therefor© well 
adapted to the conditions of this country. It is simple in theory, 
consisting in the direct union of nitrogen with hydrogen in the 
presence of a catalyst at a high temperature and pressure. Those, 
however, who recall the lecture delivered by Haber at Liverpool 
in the early part of 1914 will appreciate the magnitude of the 
physical and mechanical difficulties that had to be overcome before 
the process attained technical success. Unfortunately, the working 
details were unknown to our chemists, and had to be studied experi¬ 
mentally both from the chemical and the engineering point of view. 
The selection of a suitable catalyst, the conditions under which it 
acts most efficiently, the effect of impurities, the conditions of tem¬ 
perature and pressure, the influence of the rate at which the gas 
passes through the apparatus upon the yield of ammonia, the best 
method of removing the ammonia produced, the physical problems 
connected with the circulation of gases at high pressures and veloci¬ 
ties, were all subjected to systematic investigation. Moreover, the 
difficult problem of making provision for an abundant supply of 
cheap and pur© hydrogen, which is indispensable to the process, had 
to be worked out at the same time. The new developments during 
recent years in the manufacture of hydrogen on a large scale for 
the hydrogenation of fats and oils, as well as for aviation pur¬ 
poses, give a special interest to the researches, carried out for the 
Committee, on catalytic processes for hydrogen production and 
purification. 

These investigations were begun in the summer of 1916, and the 
results obtained by the beginning of the following year were con- 
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diderod so promising that the Committee included in an interim 
Report submitted to the Ministry of Munitions in February a 
recommendation for the erection of a trial plant. They were not, 
however, then prepared to put forward proposals for the establish¬ 
ment of the Habw process on an industrial scale. In October, 
1917, however, the Explosives Department of the Ministry of 
Munitions felt justified by the results of the experimental work 
obtained by that date in recommending that this process should be 
adopted as the basis of a national factory for the production of 
fixed nitrogen, and the erection of a factory was actually in 
progress when the war ended. 

Much successful experimental work had also been carried out ou 
the oxidation process for the conversion of ammonia into nitric 
acid and ammonium nitrate, and it was proposed to include plant 
for these purposes in the national factory. 

In the course of the experimental work carried out for the Com¬ 
mittee many interesting and valuable observations were made and 
many important results, both from the scientific and technical 
point of view, were obtained. When the reports describing the 
investigations are published they will be found to constitute an 
addition of great value to the scientific and technical literature 
of the subject, and will form a lasting memorial to the skill and 
energy of the chemists and physicists who took part in them. 
Although no doubt something remained to be done on the engineer¬ 
ing side, the fact that they should have succeeded in so short a 
time in bringing a process, which it cost the Germans so much 
time, trouble, and money to perfect, to the stage at which it was 
deemed fit for adoption by the Ministry of Munitions, was surely 
a notable achievement. 

In this connexion I may perhaps be allowed to refer to the 
death of Dr. Harold Greenwood, a Fellow of this Society, who had 
charge from the beginning of the investigation of the synthetic 
ammonia problem, and whose exceptional ability and untiring 
energy contributed so largely to the important results obtained. 

I have now traced the causes which led, as the war proceeded, 
to the gradual absorption of the surplus of ammonia which we 
produced in excess of our own needs in pre-war days, and I have 
described the action which was taken to meet the shortage which 
had actually begun to make itself felt in the course of the war. 

If I have succeeded in making the position clear, you will 
realise that at the dose of the war we were rapidly approaching a 
crisis as r^ards our supplies of combined nitrogen. Our huge 
surplus of ammonia had gone, and the demands of the munition 
factories and of agriculture were ever on the increase. On the 
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other hand, the importation of sodium nitrate was carried on under 
great difficulties, and the usual sources of our ammonia supplies 
were found to be incapable of any considerable expansion. In 
these circumstances surely the conclusion of the Committee is 
justified that nitrogen-fixation constitutes a “key'' industry which 
is essential to our economic safety and to our national defence, and 
that it is one of those industries which should be established, if 
necessary, with the assistance of Government. In time of war 
complete independence of external supplies of combined nitrogen 
is a necessary condition of safety, and independence can only be 
secured if we have within the country the means of producing 
fixed nitrogen to any extent that may be required. Our potential 
sources of by-product ammonia are undoubtedly very large, but the 
practicability of making use of some of them has yet to be demon¬ 
strated, and the extent to which some of those which are known 
to be capable of utilisation can be made immediately available is 
very limited. On the other hand, although the processes for pro¬ 
ducing fixed nitrogen have not yet been established in this country, 
their installation could be quickly effected, and we should then 
be possessed of the means of indefinitely increasing our nitrogen 
production. To ensure the safety of the country, however, it is 
sufficient in the opinion of the Committee that we should possess 
experience of the working of the fixation processes and nucleus 
plant which would be capable of rapid extension. 

Apart from the question of security in time of war, there are 
other reasons which render it in the highest degree important that 
the synthetic processes for the production of nitrogen compounds 
should be established in this country. The demand for combined 
nitrogen for purposes other than the manufacture of munitions of 
war is greater now than before the war, and is certain to expand 
still further. This is due to a variety of causes, but mainly to the 
increased requirements of agriculture. Our pre-war consumption 
of artificial nitrogenous manures of all forms was only equivalent 
to 25,000 tons of nitrogen. Towards the end of the war it had 
risen to 60,000 tons in consequence of the addition of nearly 
4,000,000 acres to the land under the plough, and to the more 
intensive cultivation resorted to with the object of increasing the 
production of the soil. Unless we have already forgotten one of 
the lessons of the war we must continue to grow a larger propor¬ 
tion than formerly of the grain we require, and unless the money 
spent on agricultural education has been spent in vain we must 
expect an ever-increasing demand for artificial fertilisers. Assum¬ 
ing that the present acreage now under the plough is maintained 
and that nitrogenous manuring on a moderate scale is more gener- 
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ally resorted to, Dr. E. J. Russell estimates that eventually the 
equivalent of half ^ million tons of ammonium sulphate, or 
100,000 tons of combined nitrogen, will be required annually for 
fertilising purposes alone. This increase might, no doubt, be met 
partly by increased importation of sodium nitrate, but, since our 
agriculture requires both forms of fertiliser, a large additional 
amount of ammonium sulphate must be obtained from some new 
source of supply or taken from what is at present available for 
exportation. 

The maintenance of our export trade is of vital importance to 
the country, especially in present circumstances, but it is clear that 
we cannot both continue to export ammonium sulphate on the 
pre-war scaJe and meet the growing demands at home unless we 
increase our production of ammonia. In this connexion it is to 
be remembered that during the war Germany was manufacturing 
nitrogen products far in excess of her peace requirements, and 
that, with the plant now set free, she is probably in a position to 
compete with this country and with Chile in the nitrogen markets 
of the world. How far she will be able to do so successfully will 
depend on economic factors which are at present unknown. It is 
certain, however, that under pre-war conditions synthetic nitrogen 
compounds could be produced at prices which compared favourably 
with those at which ammonium sulphate and sodium nitrate were 
then sold. Should this still hold good, our export trade will be 
endangered unless we are in a position to oppose British to foreign 
synthetic products. 

Having dwelt on the difficultiee and dangers which during the 
war threatened our industries dependent on nitrogen products, it 
is satisfactory to be able to add that one of the most important 
recommendations of the Committee is in a fair way of being 
acted on. 

It is generally understood that the national factory at BilUng- 
ham-on-Tees, the erection of which was begun in 1918, is about 
to be acquired by an influential syndicate representing a large pro¬ 
portion of the heavy chemical trade of the country. It is the 
intention, I understand, to commence with a moderate-sized syn¬ 
thetic plant in which many of the details will represent notable 
improvements on existing German practice, and ultimately to 
develop this into a very large commercial project. In addition, the 
manufacture of nitric acid and nitrates by the oxidation process 
will form part of the scheme, and it will be possible to produce 
from this source a considerable part of the national requirements 
of nitric acid for commercial purposes. 

Such a combination of chemical interests opens up vast possibili- 
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ties for the more economic ptoduction of ammonia, by combining 
its manufacture with other industries in which the by-products 
of the Haber process could be utilised. The Solvay process, for 
example, in which large quantities of carbonic acid are required, is 
stated to be already in operation in Germany in association with 
the Haber process. Other developments may be looked for in 
connexion with the disposal of the large quantity of oxygen result¬ 
ing from the production of nitrogen, and this, again, may lead to 
the recovery in quantity of the rarer elements of the air which 
are now coming into demand for technical purposes. 

It is importent, however, not only that effect should be given 
to the spedfio recommendations of the Committee with regard to 
the established processes, but also that the researches begun during 
the war on processes still in the experimental stage should be con¬ 
tinued. Many branches of the problem still call for investigation 
both in the case of the by-product and the synthetic industries. 

As an instance of the former I may mention the proposal to 
prepare a smokeless fuel for domestic use by carbonising coal at a 
low temperature under conditions which would allow of the recovery 
of the ammonia. This problem is now being investigated by the 
Fuel Research Board. Another interesting subject connected with 
the utilisation of by-products is the treatment of coal used at 
electric power stations for recovery of ammonia. Here the 
increased amount of fuel required when the by-products are 
recovered as compared with the amount required in direct firing 
must be set against the value of the by-products. You cannot have 
both the full heating value of the fuel and the by-products. This 
is a point too often overlooked when discussing the question of 
our potential supplies of ammonia. 

Amongst the synthetic processes still in the experimental stage, 
which in the opinion of the Committee should be further investi¬ 
gated, is the interesting Hausser process, in which the heat of 
explosion of a mixture of combustible gas and air is utilised to 
bring about the union of nitrogen and oxygen without the large 
expenditure of electrical energy required by the arc processes. The 
exhaust gases from the explosion apparatus contain oxides of nitro¬ 
gen which can be recovered by absorption in water. By this process 
both power and nitric acid can be obtained simultaneously. From 
this point of view the Committee consider that it is of sufficient 
promise to justify the expenditure necessary for further experiments 
as to the practicability of the process. 

It is idle to suppose that we can enter on the fixed nitrogen 
industries to advantage unless we are prepared to pursue an active 
policy in regard to them. 
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It is satisfactory, therefore, to learn that whilst the technical 
staff engaged on the work of the Committee has been largely dis¬ 
banded, and the temporary research laboratories restored to their 
original purposes, the section of the staff engaged on the synthetic 
ammonia problem has been taken over by the syndicate already 
referred to, and is continuing under them the investigation of 
some of the remaining problems. Moreover, although the Inven¬ 
tions Department of the Ministry of Munitions has ceased to 
exist, a small nucleus organisation has up to the present been 
retained, and is actively engaged in applying to the post-war situa¬ 
tion the information and experience on the nitrogen problem 
collected by the Committee. I may add that at the present 
moment a number of important fixation schemes are in course of 
development, not only in the United Kingdom, but also in Egypt, 
South Africa, Canada, Newfoundland, the West Indies, New 
Zealand, Ceylon, and India, and some of these are receiving the 
active support of the Governments concerned. 

My purpose in bringing this subject before you on the present 
occasion is not only to emphasise the importance of the conclu¬ 
sions of the Nitrogen Products Committee, but to direct attention 
to a wider question suggested by its inquiry. Our attitude towards 
the fixed nitrogen problem illuvstrates a defect in our attitude 
towards such problems generally. Where our individual interests 
are not affected we are prone to be indifferent to and to overlook 
developments in other countries which in their results may be of 
vital importance to us as a nation. We are thus exposed to the 
danger of having our economic position disturbed and our safety 
imperilled by the introduction of new factors of the importance, 
or it may be of the very existence, of which we have remained 
ignorant until they have made themselves felt by their conse¬ 
quences. Where particular industries are affected those who are 
immediately concerned can generally be trusted to look after their 
interests when they understand them. In matters which do not 
affect any special interest, however, but may yet be of the gravest 
import from the national point of view, there is no one to hold 
a watching brief for the nation. 

While the fixed nitrogen industries were being rapily developed 
on the Continent the subject attracted little general attention in 
this country. As we had an abundant supply of ammonia and 
^vere able to import sodium nitrate at will, our interest in the 
new processes was purely academic. Yet our failure to realise 
their importance, and to grasp the larger aspects of the problems 
involved, nearly led to disaster. 

I do not think we need take blame to ourselves for having 
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failed to realise in its full extent the peril to which we were 
exposed at the beginning of the war. That would have required 
gifts of imagination with which we as a nation are not usually 
credited. The complaint is that no consideration whatever had 
been given to the national aspects of the matter in relation either 
to peace or war conditions, and that no precautions had been taken 
against the more obvious dangers. 

The first person in this country to direct attention prominently 
to the development of the fixed nitrogen industries abroad was the 
present Foreign Secretary of otir Society. In a lecture delivered 
before the Pharmaceutical Society in 1910, Professor Crossley gave 
an account of the production of nitrogen compounds at Odda, in 
Norway, and pointed out the importance of the work from the 
national point of view. ^'It might naturally be expected,'' he 
said, '^that the problem of the utilisation of atmospheric nitrogen 
should be considered as one of real and undoubted importance to 
the country, not only from the point of view of agriculture, but 
also as a means of supplying the necessary nitric acid for the 
manufacture of explosives. . . . Yet there do not appear to be any 
signs that the matter is regarded as one of national importance." 
Detached notices of the various methods of synthesis employed had 
no doubt appeared from time to time in the journals and papers 
at an earlier date, and in 1906 Professor Frankland, in an address 
to the Society of Chemical Industry at Birmingham, gave a short 
account of the methods that had been proposed before that date 
for utilising the nitrogen of the atmosphere, but Professor Cross- 
ley's lecture was, I believe, the most complete account of these 
new industries published in this country before the war. 

In the early months of the war the nitrogen question was con¬ 
sidered by a Committee of the Board of Agriculture, and it was 
soon discovered how imperfect was the information on the subject 
available in this country. This Committee sought the aid of the 
Chemical Society, and Dr. Scott, then President, was fortunate in 
obtaining the assistance, amongst others, of Mr. G. S. Albright, 
who afterwards rendered invaluable service as a member of the 
Nitrogen Products Committee, in preparing a Report on the sub¬ 
ject for the Board of Agriculture This report was placed at a 
later date at the disposal of the Nitrogen Products Committee, 
which commenced its sittings in the summer of 1916 and was 
engaged during the next three years in the long and elaborate 
inquiry which led to the conclusions we have been considering this 
afternoon. 

In the course of its inquiry the Committee was constantly con- 
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fronted with the difficulty of obtaining accurate statistical and 
other information relating to the various industries concerned with 
the production of nitrogen compounds. The figures on which 
the Report is largely based had to be laboriously collected from 
many different sources. Much valuable information was obtained 
from the returns of the Chief Inspector of Alkali Works and other 
official sources, but in not a few instances figures which would have 
materially assisted the inquiry were altogether unprocurable. Thus, 
to take only one example, when considering the possibility of 
increasing the supply of ammonia from by-product processes, it 
was desirable to obtain information as to the allocation of the 
coal consumed in this country by different industries and classes 
of consumers, but no trustworthy figures were available on the 
subject. It is unnecessary to dwell further on the importance of 
pressing for the adoption of the strong recommendations which 
the Committee has made on this subject to the effect that annual 
statistics of the nitrogen and other industries of the United 
Kingdom should be officially collected and published. 

It was, however, not statistical information only that was 
lacking. With the exception of the lecture I have already referred 
to, which was necessarily limited in its scope, we possessed at the 
beginning of the war no adequate account of the state of the 
nitrogen industries on the Continent. For that the Committee had 
to go to a Report on the Utilisation of Atmospheric Nitrogen,'' 
by Thomas H, Norton, American Consul at Chemnitz. This Report 
was issued by the Bureau of Manufacturers of the Department of 
Commerce and Labour of the United States in compliance with 
an Act of Congress of 1911 authorising investigations of trade 
conditions abroad. It contains a large amount of valuable informa¬ 
tion regarding the experimental details and industrial prospects of 
the various fixation processes which had either achieved success 
or were still in the experimental stage when the Report was com¬ 
piled in 1912. Although it had no special reference to the condi- 
tions in this country it was nevertheless of the greatest use to the 
Committee as affording a comprehensive survey of the position of 
the fixed nitrogen industries on the Continent shortly before 
the war. 

Amongst the officers of his ideal State, ^'The New Atlantis," 
Bacon included twelve whose duty it was to sail into foreign 
countries and bring back the books and abstracts and patterns 
of experiments of all other parts." These he called Merchants of 
Light.'* We, too, have need of our Merchants of Light. Is it 
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too much to hope that some effective combination of the Depart" 
ments concerned with the technical and soientiffc work of the 
nation may yet be devised for the purpose of keeping us in close 
touch with new developments abroad with which it is desirable in 
the interests of the State that we should be acquainted ? 


OBITUARY NOTICES. 

SIR WILLIAM CROOKES, O.M.* 

Born June 17th, 1832; Died April 4th, 1919. 

The author of a succession of papers published by the Royal Society 
and other scientific bodies extending over sixty-seven years (from 
1851 to 1918), to say nothing of a number of technical treatises in 
the form of large volumes, must have been a man of remark¬ 
able industry as well as intellectual qualities, and those who believe 
in the influence of heredity will therefore be disposed to look for 
some indication of the ancestral origin of these qualities in the 
famous man who has so recently passed away. 

His father, Joseph Crookes, bom in 1792, the son of a small 
tailor in the north of England, came to London a poor boy. He 
was evidently a man of brain and energy, for the tailor’s business 
he established proved so prosperous that when he died in 1884, at 
the age of ninety-two, he was a rich man. Joseph Crookes married 
on February 24tb, 1831, at Aynhoe, Northamptonshire, as his 
second wife, Mary Scott, and from this lady he had a second 
family of several sons and daughters. William was her firstborn, 
and resembling her in feature and in disposition, it may be 
surmised that he derived some of his characteristics from her. 

There is but little to say concerning William Crookes’s early 
years. Improbable as it may appear, he always maintained that 
he remembered learning to stand and to walk. Such regular educa¬ 
tion as he received was obtained at a grammar school at Chippen¬ 
ham. His father wished to make him an architect, but in the end 
he satisfied 'his inclination for experimental work, already indicated 
at home, by entering the Royal College of Chemistry under Hof¬ 
mann, the first professor, in. 1848. He must have made extra* 
ordinary progress, as in 1851 his first paper appeared in three 

* Reprinted by permisidon from the Froceeding$ qf the BoytU 8ociei/y. 
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German chemical journals to which it was communicated, doubtless 
by Hofmann. The English version was printed in the Qucurierly 
Journal of the Chemical Society (1852, 4 , 12), '‘On the Seleno- 
cyanides, by William Crookes, Esq., Assistant in the Royal College 
of Chemistry.’^ This position as assistant he retained from 1850 
to 1854. He then went to Oxford for a short time as Super¬ 
intendent of the Meteorological Department at the Radcliffe 
Observatory, and in 1855 he became Lecturer on Chemistry at the 
Chester Training College. 

In 1856 he married Miss Ellen Humphrey, a native of Darling¬ 
ton, whose acquaintance he had made some years earlier as a school 
friend of his cousin. They were married on April 10th, 1856, at 
the Parish Church of St. Pancras, Middlesex, and began house¬ 
keeping at Brompton. They removed to 20, Mornington Road, 
N.W., and afterwards to 7, Kensington Park Gardens in 1880, and 
this was their home to the end of their lives. In 1859 he brought 
out the first number of the Chemical Neivs, of which he remained 
sole editor until 1906. 

In the meantime he seems to have been much occupied with the 
study of phenomena connected with the nature and effects of light, 
for several papers relating to photography were published between 
1853 and 1857. Soon after this, the employment of the prism in 
recognising and distinguishing volatile substances in flame was 
introduced by Bunsen and Kirchhoff, and the discovery of rubidium 
and caesium in the water of the Diirkheim spring was announced 
by Bunsen in 1860. On applying the spectroscope to the seleni- 
ferous material from the vitriol works at Tilkerode (Harz), which 
had been given to him by Hofmann some years previously, and 
which he had used as the source of selenium in his work on the, 
selenocyanides, Crookes observed a new green line which led him 
to the discovery of thallium. The first announcement of the exist¬ 
ence of a new element appeared in the Chemical Neurs^ March 30th, 
1861. It W8is originally supposed to be related to sulphur, but 
the discoverer soon saw fit to alter his opinion, and the specimens 
exhibited in the International Exhibition, 1862, and to which a 
medal was awarded, were labelled Thallium, a new metallic element. 
The discovery was interesting from several points of view. The 
use of the spectroscope was novel and the properties of the new 
metal were strange, exhibiting as it does the appearance and 
approximately the density of lead, some of ite salts resembling 
those of lead and mercury, whilst others are perfectly similar in 
solubility and crystalline relations to the salts of the alkali metals. 
The discovery of thallium at once secured for William Crookes a 
recognised position in the scientific world, and in 1863 he was 
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elected F.R.S. Obviously the first task which lay before him was 
the investigation of the chemical and physical properties of the 
new element and its sources in nature. Among the most important 
of the physical constants to be determined was the atomic weight, 
and the remarks on the subject contained in Prof. P. W. darkens 
'‘Constants of Nature'' (Smithsonian Institution, 1882) may 
properly be quoted here. '‘In 1873, Crookes, the discoverer of 
thallium, published his final determination of its atomic weight. 
His method was to effect the synthesis of thallium nitrate from 
weighed quantities of absolutely pure thallium. No precaution 
necessary to ensure purity of materials was neglected; the balances 
were constructed specially for the research; the weights were accu¬ 
rately tested and all their errors ascertained; weighings were made 
partly in air and partly in vacuo y but all were reduced to ah solute 
standards, and unusually large quantities of thallium were 
employed in each experiment. . . . Suffice it to say that the 
research is a model which other chemists will do well to copy. . . . 
Hence, using the atomic weights and probable errors previously 
found for N and O, Tl = 203-715±*0365. If 0 = 16, Tl = 204-183. 

. . . Crookes himself, using 61-889 as the molecular weight of the 
group NO 3 , gets the value Tl = 203-642; the lowest value in the 
series being 203*628 and the highest 203*666, an extreme variation 
of 0*038. This is extraordinary accuracy for so high an atomic 
weight, at least as far as Crookes's work is concerned." 

This passage illustrates the spirit which animated Crookes's 
work throughout. Nothing short of the highest attainable accuracy 
ever satisfied him. 

The use of the vacuum balance, however, was attended by un¬ 
expected phenomena, which occupied his attention for many years 
afterwards and led to the discovery of the radiometer in 1875. 
This was described in a paper entitled " On Attraction and 
Repulsion resulting from Radiation," communicated to the Royal 
Society on March 20 th, 1875. A Royal Medal was awarded to 
Crookes at the Anniversary Meeting in the same year. The Presi¬ 
dent in presenting the medal referred to the instrument in the 
form in which it has been since familiar, namely, with the four¬ 
armed fly mounted on a sharp point and having the vertical disks 
at the ends of the arms blackened on one side. He also remarked, 
"it is the mystery attending this phenomenon that gives it its 
great importance." Great interest was manifested by many 
experimenters in the phenomena observed, and there were many 
attempts at explanation. In the end, the^ hypothesis put forward 
by Dr. G. Johnstone-Stoney, according to which the repulsion is 
due to the movements of the molecules of the residual gas acting 
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differentially on the two surfaces of the movable disk, was 
accepted. 

In a footnote to one of his papers (Froc, Roy. Sac., 1876, 25, 
308), Crookes drew attention to the properties of highly attenuated 
gas, and expressed the view that the phenomena indicate the 
existence of a fourth state of matter as far removed from the 
condition of gas as gas is from liquid. 

In all the numerous experiments connected with this investiga¬ 
tion, Crookes was assist^ by Mr. C. H. Gimingham, whose 
mechanical dexterity and skill as a glass-blower were quite remark¬ 
able. Gimingham joined the Swan Electric Light Company in 
1881, but unhappily died a few years later. 

The phenomena exhibited by the electric discharge in rarefied gas 
had long been familiar, and had been studied by Pliicker, by 
Hittorf, and other physicists. It was natural that in the examin¬ 
ation of the properties of highly attenuated gas the phenomena 
exhibited by electric discharge through such media should receive 
Crookes's attention,^ and in the paper in which his first experi¬ 
ments in this direction were described (Proc. Roy. Soc., 1879, 28, 
110), he was led* to theoretical speculations on the ultra-gaseous 
state of matter. In this paper, the dark space which appears 
round the negative pole was the subject of experiment, and was 
found to enlarge as the exhaustion proceeds, whilst the phosphor¬ 
escence excited on the glass walls of the tube diminishes and 
ultimately disappears. The dark region round the electrode has 
since been known as the Crookes, or cathode dark space. The rays 
from the cathode may be made to converge by the use of an 
aluminium cup, and the result is the production of a green phos¬ 
phorescent spot on the glass; the rays, travelling in straight lines, 
cast a strong shadow from any object placed in their path. The 
rays when concentrated also develop great heat, which may rise to 
the melting point of platinum. 

In 1880 the French Academic des Sciences awarded Crookes an 
extraordinary prize of 3000 francs and a gold medal in recognition 
of his discoveries in molecular physics and radiant matter. In the 
years following 1880 he continued the active investigation of the 
phenomena exhibited by gases in a highly attenuated state, and 
among other properties he studied the heat conduction and viscosi¬ 
ties of gases in this condition. He also examined the phosphor¬ 
escence exhibited by many substances when exposed to the dis¬ 
charge from the n^ative pole in a highly exhausted tube; and in 
the Bakerian Lecture for 1883, speaking of this discharge as 
‘‘ radiant matter,'' he considered that the particles flying from the 
cathode were of the dimensions of molecules. 
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For some years he was occupied in tracing by the spectroscope 
the changes noted, and he was led to attempt the Reparation of 
some of the earths, notably yttria, into the components of which 
they were supposed to consist, by means of a very elaborate system 
of chemical fractionation. The result of all this work led him to 
speculations as to the characters of the elements and the existence 
of a class of bodies which he called *' meta-elementa.^’ These meta¬ 
elements he regarded as composed of atoms *‘ almost infinitely 
more like each other than they are to the atoms of any other 
approximating element. It does not necessarily follow that the 
atoms shall all be absolutely alike among themselves. The atomic 
weight which we ascribe to yttrium therefore merely represents a 
mean value around which the actual weights of the individual 
atoms of the 'element* range within certain limits. But if my 
conjecture is tenable, could we separate atom from atom we should 
find them varying within narrow limits on each side of the mean.” 
This view was put forward in the Presidential Address to the 
Chemical Society, 1888, the whole of which even now, after thirty 
years, would repay perusal. The possibility of the evolution of the 
elements from a primal elementary protyl or urstoff is a proposi¬ 
tion which has been discussed from the most ancient times, but the 
chemist had little positive information as to the inter-relations 
among the recognised elements before the conception of the periodic 
law. Taking an idea from Prof. Emerson Reynolds for the 
diagrammatic display of the periodic relation of properties to 
atomic weight, Crookes produced a figure of eight curve, on which 
the symbols of the elements are placed at intervals so that the 
members of natural families fall into position vertically over one 
another. 

On this curve the meta-elements would be ranged in groups or 
clusters close together. Radioactivity had not been discovered 
when this address was composed, but something approaching 
Crookes*8 idea hats been realised in more recent times by the dis¬ 
covery of isotopes among the products of the disintegration of 
radioactive elements. For his researches on the behaviour of sub¬ 
stances under the influence of the electric discharge in a high 
vacuum, with special reference to their spectroscopic behaviour, 
the Davy Medal was awarded to Crookes by the Royal Society in 
1889. 

The discovery of argon by Rayleigh and Ramsay in 1894, and 
of helium by Ramsay in 1895, opened a new field, and Crookes 
being recognised as the most experienced observer of spectra and 
the highest English authority in this direction, the new gases were 
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at 01166 submitted to him, and the identity of terrestrial with solar 
helium was established finally by his examination. 

Soon after this time the brilliant researches of J. J. Thomson 
threw an entirely new light on all the difficult spectroscopic ques¬ 
tions which had been so patiently and so successfully examined by 
Crookes. It became clear that the particles projected from the 
cathode were much smaller than any known atoms or molecules of 
ordinary matter, and were, in fact, the minute bodies called 
electrons. On this point, Crookes in a paper on the ''Stratifi¬ 
cations of Hydrogen” (Proc. Roy. Soc., 1902, 69, 411), expressed 
himself in the following terms: " In twenty-five years one’s theories 
may change, although the facts on which they are based remain 
immovable. What I then called ' Radiant Matter' now passes as 
‘ Electrons,’ a term coined by Dr. Johnstone-Stoney to represent 
the separate units of electricity which is as atomic as matter. 
What was puzzling and unexplained on the ' Radiant Matter ’ 
theory is now precise and luminous on the 'Electron’ theory.” 
And by application of this theory the stratifications of hydrogen 
were explained. 

The discovery of radioactivity by Henri Becquerel and of radium 
by Madame Curie towards the end of the century naturally 
attracted Crookes’s interest and attention. On examination of 
uranium salts, some specimens were found to be much more radio¬ 
active than others. It was soon found that the radioactive con¬ 
stituent is precipitated from a solution by ammonia, and on add¬ 
ing excess of the reagent, a small, insoluble, light brown pre¬ 
cipitate is left which exhibits strong radioactive properties, whilst 
the uranium salt remaining is almost inactive. A year later the 
uranium had regained its activity. To the active substance the 
name uranium-A was given. Whatever be its nature, it is evident 
that uranium owes its usual activity to the presence of this sub¬ 
stance which is generated from it, and the separation of which 
depends on the readiness with which it attaches itself to pre¬ 
cipitates, especially ferric hydroxide, when iron is present as an 
impurity in the uranium compound employed as material. The 
year following, Crookes, continuing his observations on the eman¬ 
ations of radium, discovered the effects produced by the a-rays on 
a surface of hexagonal blende (zinc sulphide), and invented the 
little instrument, which he called the spinthariscope, by which the 
number of scintillations can be counted, each spark being produced 
by one a-particle. 

The researches on the spectra and other characters of the rare 
earths occupied more than twenty years, and one result was a very 
VOL. oxvn. B 
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extensive study of scandium and its salts, which places it in the 
position of being now better known than almost any other of these 
difficult elements from which scandium is separated by its low 
atomic weight. 

In 1908 Crookes drew attention to the remarkable resistance to 
the attack of all kinds of reagents by the metals iridium and 
rhodium, and in 1912 he recorded a useful series of observations 
on the relative volatility of metals of the platinum group. In the 
case of platinum at 1300®, the metal seems to volatilise per se, 
whereas the loss of weight of iridium is probably due to the form¬ 
ation of a volatile oxide. The spectra of elementary boron and 
silicon were the subjects of papers communicated to the Royal 
Society in 1912 and 1914. 

A very valuable investigation undertaken in connexion with 
the Glass Workers’ Cataract Committee of the Royal Society was 
begun in 1909. The main object was to prepare a glass which will 
cut off those rays from highly heated molten glass which damage 
the eyes of workpeople. This involved a study of the effects of the 
addition of a large number of metallic oxides to a colourless glass, 
specially prepared for the purpose by Mr. H. Powell, of the White- 
friars Glass Works. The problem was to prepare a glass which 
would cut off as much as possible of the heat radiation, and at the 
same time be opaque to the idtra-violet rays, whilst the colour 
would be scarcely noticeable when used in spectacles. In the result, 
a series of eighteen different recipes were provided which meet, 
more or less fully, the three requirements contemplated. These 
have been found to be, in practice, very beneficial to the workers. 

We may now recall some of the subjects which at various times 
were studied by this untiring worker, outside the course of research 
which may be supposed to have represented his predilection. 

It should not be forgotten that when quite a young man he was 
appointed by the Government to report on disinfectants and their 
application to the arrest of the cattle plague in 1866, and that he 
was responsible for the recognition of the antiseptic value of phenol 
or carbolic add. 

The diamond has been ever a subject of interest, not merely to 
the jeweller, but to the mineralogist and chemist, owing to the 
mystery in which, up to recent times, its origin and formation 
were involved. In a visit to Kimberley in 1896, Crookes spent 
nearly a month in the mines studying the question of the origin 
of the mineral, and again in 1905, on the occasion of the visit of 
the British Assodation, he pursued the same inquiry. In 1893 the 
late Prof. Moissan demonstrated the production of diamonds by 
crystallisation of carbon from molten iron under pressure, and 
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Crookee showed that the residue of cordite exploded in a closed 
steel cylinder contains crystalline particles possessing the foma of 
the diamond. He published an interesting little book on diamonds 
in 1909. 

Another subject in connexion with which he did good service 
was the importance of producing and applying to the land much 
larger quantities of nitrogen in the form of nitrate in order to 
increase the supply of wheat. ‘'The Wheat Problem’’ was one 
theme of his Presidential Address to the British Association at the 
meeting at Bristol in 1898, and his views on the subject were 
embodied in a volume published a year later, in which he was able 
to reply to the various critics who in the meantime had questioned 
some of his conclusions. Though, doubtless, some of his most 
startling statements admit of modification, the problem still 
remains a topic of supreme interest to the agriculturist and to the 
world at large. 

It would be almost impossible to enumerate all the various 
directions in which Sir William Crookes (he received the honour 
of knighthood in 1897) occupied himself in connexion with problems 
of public interest or as expert adviser to the Government, but, in 
passing, may be mentioned his work on the disposal of town sewage, 
his reports on the composition and quality of daily samples of the 
water supplied to London from 1880 to 1906, and his services as 
Consulting Expert on the Ordnance Board from 1907 onwards 
during the period of the war. Nor should it be forgotten that the 
office of President is in many learned societies no sinecure. In 
presiding over the Chemical Society (1887-1889), the Institution 
of Electrical Engineers (1890-1894), the British Association (1898), 
the Society of Chemical Industry (1913), and, finally, the Royal 
Society (1913-14-15), Sir William paid close attention to all the 
multifarious details of the business of each society. He also 
served as Honorary Secretary to the Royal Institution from 1900 
to 1913, and as Foreign Secretary to the Royal Society from 1908 
to 1912. Every man of science among his contemporaries will be 
ready to affirm, therefore, that the numerous honours which were 
showered on Crookes by the most distinguished academies and 
universities in the world were well eaurned and very fittingly con¬ 
ferred. He received from the Royal Society the Royal, the Davy, 
and the Copley Medals, and from the Royal Society of Arts the 
Albert Medal, and finally, in 1910, the Order of Merit was conferred 
on him by the King. 

Crookes's whole scientific career is interesting, apart from the 
value of his discoveries, as illustrating the fact that to a man of 
genius the character of his early education has but little influence 

B 2 
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on his achievements. As mentioned already, he left school at the 
early age of fifteen, and at once specialised in a single branch of 
science under a teacher eminent in his own line, but from whom 
the young student seems to have derived little but the advantage 
of example, for the subjects to which Hofmann devoted his energies 
appear to have had but little attraction for Crookes. Unlike 
W. H. Perkin, who also entered the college at about the age of 
fifteen with equally imperfect general education, he never seems 
to have been attracted by organic chemistry, and to the end of his 
life remained practically ignorant of this branch of science. The 
genius displayed by Crookes was, however, accompanied by unusual 
indej^endence of character, which was displayed in a variety of 
ways, not only in the course taken by his own researches, but by 
his attitude toward the statements and pretensions of others. 
Nothing seemed too improbable to escape his attention, and of this 
the time and trouble he was tempted to expend on the pretended 
transmutation of silver into gold some twenty years ago is a 
sufficient illustration. The same liberality of spirit made him very 
tolerant, and perhaps not always sufficiently critical, in regard to 
articles in his paper, the Chemical News. 

Here we must add that no account of William Crookee^s life as 
a scientific man would be complete, and less than justice would be 
done to his personal character and independence of spirit, if all 
reference jjj^ere omitted to the investigations in which, early in his 
career, he became involved concerning the phenomena of so-called 
^‘Spiritualism.’^ The Quarterly Jowmal of Science for July, 1870, 
contains an article under the title, “ Experimental Investigation 
of a New Eorce,” in which Crookes describes experiments under¬ 
taken with Mr. D. D. Home, a “medium” well known to the 
public at that time. At one of the earlier seances the experiments 
were made in the presence of Dr. Huggins (afterwards Sir William 
President of the Royal Society), Serjeant Cox, proprietor 
and conductor of the haw Times and Recorder of Peyrismoiithj one 
of Crookes s brothers, and his chemical assistant. Later, in 
January, 1874, the same journal published “Notes of an Enquiry 
into the Phenomena called Spiritual during the years 1870-73,” 
with the signature William Crookes. 

Anyone who has read these articles can realise the shock which 
was experienced by the scientific world on learning the character 
of the statements contained in them. Here was a well-known man 
of science, a Fellow of the Royal Society, the discoverer of thallium, 
with which and with its salts chemists had had time to become 
perfectly familiar, asserting in the most formal manner that in his 
presence things had been seen and done which everyone would 
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regard as contrary to well-established natural law and to all 
ordinary experience. 

It is perhaps not surprising that Crookes was publicly attacked 
in a violent manner, but he was able to show that many misrepre¬ 
sentations and misstatements were made which everyone must now 
perceive were wholly unjustifiable. The story of his experiences 
as told by him is supported by evidence which would be accepted 
as conclusive if these statements related to any scientific work or 
to any ordinary occurrence. Crookes himself never withdrew or 
altered his statements concerning the phenomena he had witnessed, 
and in his Presidential Address to the meeting of the British 
Association at Bristol, so late as 1898, he reiterated his conviction 
as to their reality. This conviction he retained to the end of his 
life. He was Pre.sident of the Society for Psychical Besearch in 
1897. His view, if he really had a settled opinion, as to the ex¬ 
planation of these strange phenomena cannot be given in his own 
words, but the view of Mr. Serjeant Cox on the theorv of what 
he called psychic force is given very clearly at the end of these 
'' Notes,” and it appears probable from the prominence given to 
this exposition that it represents very nearly the opinion of 
Crookes himself. Perhaps the last few lines are sufficient to quote 
in this place, as probably views may have changed during the forty- 
five years since they were written. The passage is as follows: 
“The difference between the advocates of psychic force and the 
Spiritualists consists in this—that we contend that there is as yet 
insufficient proof of any other directing agent than the Intelli¬ 
gence of the Medium, and no proof whatever of the agency of the 
Spirits of the Dead; while the Spiritualists hold it as a faith, not 
demanding further proof, that the Spirits of the Dead are the sole 
agents in the production of all the phenomena. Thus the con¬ 
troversy resolves itself into a pure question of fact, only to be 
determined by a laborious and long-continued series of experiments 
and an extensive collection of psychological facts.” 

It is unnecessary to pursue the subject further, but as Crookes 
made no secret of his views, and his credibility in regard to all 
other questions, scientific or otherwise, has never been impugned, 
his biographer would not be justified in doing more or less than 
to place on record such statements as appear to represent fairly 
the position he had assumed, and certainly no biographer would be 
expected to pronounce any opinion other than that which he 
believes to have been entertained by the subject of his notice. 

By the death of Sir William Crookes on April 4th, 1919, the 
world lost a great scientific pioneer. His age was far advanced, 
and the loss of his wife some three years earlier had been a severe 
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blow, from which he never completely recovered, so that when in 
January last year his friends learned of his increasing weakness, it 
was with the sad conviction that the end was not far off. The 
touching dedication prefixed to his little book on Diamonds was an 
indication of the domestic happiness which throughout accom¬ 
panied his long and active career. 

W. A. T. 


THOMAS FAIRLEY. 

Born 1843; Died February 21st, 1919. 

Thomas Fairley, who died on February 21st, 1919, at the age of 
seventy-six, had been a Fellow of the Society since 1865. 

He was bom in Glasgow, and received his school education in 
the Free Church Training College of Edinburgh, where, as is indi¬ 
cated by still extant evidence, he distinguished himself in classical 
study as well as in mathematics and physical science. He had 
begun to amuse himself with chemical experiments in early child¬ 
hood, and his early acquired chemical taste led him, on leaving 
school, to become first a student with, and subsequently an assistsmt 
to, Lyon Playfair at Edinburgh University. After some time 
spent thus he migrated to Leeds to become a teacher in the 
Grammar School there and lecturer in chemistry in the local 
School of Medicine. At the same time he began to practice as a 
chemical consultant, and when the Sale of Food and Drugs Act 
of 1873 came into operation, he was appointed Public Analyst for 
Leeds and the North Riding of Yorkshire. At a later date he 
became official Agricultural Analyst under the Fertilisers and 
Feedings Stuffs Act for both the North and West Riding, having 
for many years previously acted as consulting chemist to the 
Yorkshire Agricultural Society. 

He had acted both as Treasurer and as Chairman of the York¬ 
shire section of the Society of Chemical Industry, of which society 
he also became Vice-President; also as President of the Leeds 
Naturalists' Field Association, and as Chairman of the Leeds 
Institute of Science, Art, and Literature, and while holding this 
office he was elected Chairman of the Council of the Association 
of Technical Institutions of Great Britain and Ireland in 1908. 

He served a full term as examiner during the earlier days of 
the Institute of Chemistry, and became a Vice-President of that 
body, in the welfare of which he ^^waya took an au^tive and oordiat 
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interest, and he was President of the Society of Public Analysts 
in 1903 and 1904. 

Fairley’s earliest contribution to chemical literature was a paper 
on The Action of Hydrogen on Organic Polycyanides” {Joum, 
Chem. Soc,f 1864, 17, 362). This paper incidentally records the 
first successful attempt at the synthesis of cyanoform, which the 
author prepared by heating together chloroform, potassium 
cyanide, and alcohol at 100® under pressure. Fairley’s experiment 
appears to have been successfully repeated seven years later by 
Pfankuch (.7. pr. Chem.^ 1871, [ii], 4 , 38). Further contribu¬ 
tions to the Journal were: ''Analysis of Water from the 'Old 
Crescent Well,’ Harrogate ” (1875), " A New Oxide and Acid of 
Uranium” (1876), and "Study of Hydrogen Dioxide and of 
Certain Peroxides, including Experiments to determine the Heat 
of Formation of the Oxygen Molecule” (1877). 

To the Tramactiona of the British Association he contributed 
papers on: "Organic Cyanides” (1865 and 1868), "The Use of 
Platinum Black in the Preparation of Ethylene Diamine” (1868), 
"Preparation of Olefiant Gas” (1868), "Preparation of Cyanogen 
and Hydriodate of Cyanogen” (1870), "Use of Platinised Char¬ 
coal in the Hydrogenation of Cyanogen” (1870), and "The 
Distillation of Siilphuric Acid” (1870). 

To the Journal of the Sorietp of Chemical Industry he con¬ 
tributed : " Note on the Detection of Certain Adulterations in 
Dyestuffs” (1886), "On the Estimation cJ Sulphur and Impurities 
in Coal Gas” (1886), "On the Various horms of Filter-pumps or 
Water-jet Aspirators” (1887), "On the Impurities of Coal Gas” 
(1892), " Note on the Durabilities of Platinum-Iridium Vessels in 
Laboratory Use” (1896), and "The Manufacture of Ammonium 
Nitrate by Double Decomposition” (1897). 

Published in the A nalyst were the following papers: " Note on 
the Estimation of Chlorine in Water” (1893), "Arsenic Estim¬ 
ation relating to Malt-kilns” (1901), "Notes on the History of 
Distilled Spirits, especially Whiskv and Brandy ” (1905), and "On 
the Phosphates in Certain Vinegars, and the Materials used in 
their Manufacture” (1909). The paper on the distillation of 
spirits was one recording the results of interesting antiquarian 
research into the early antecedents of an industry which at about 
that time was the subject of much legal contention and of a 
monumental official investigation. 

A paper on "The Water Supplies of Yorkshire” was contributed 
in 1898 to the Journal of the Federated Institute of Brewing, 
Various other notes from Fairley’s pen appeared at various times 
the Chemical News and Pharrnaceuticxtl Journal^ emd he was 
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one of tihe contributors on subjects connected with lai^ratory 
apparatus to Thorpe’s ‘‘Dictionary of Applied Chemistry/' 

As gas examiner to the City of Leeds, he became interested in 
questions relating to the manufacture and purification of coal-gas, 
to which he devoted a good deal of practical attention. 

His health and activity were well maintained until 1911, when 
he had an illness from the effects of which he never completely 
recovered. 

B. Dyek. 


WALTER WILLIAM FISHER. 

Bohn 1842; Died Februaky 7th, 1920. 

i 

Walter William Fisher, Aldrichian Demonstrator in the 
University, Oxford, who died on February 7th, in his seventy- 
eighth year, had been a member of the Society since 1872. 

He was educated at Worcester and Merton Colleges, Oxford, 
where he took a first class in chemistry in the School of Natural 
Science in 1870, and in the following year also succeeded in taking 
a class in “ Greats,” and he was shortly afterwards elected a 
Fellow of Corpus Christi College. He became chemical assistant 
to the late Vernon Harcourt, and in January, 1872, was appointed 
by the late Sir Benjamin Brodie as University Aldrichian Demon¬ 
strator in Chemistry, a post which he continued to hold until his 
death. For six years, from 1874, he was also lecturer in chem¬ 
istry at Balliol, and he served from time to time as a public 
examiner for the University. He also acted as examiner to the 
Institute of Chemistry from 1903 to 1907, and served for several 
periods as a Member of Council of that body. 

To the Tratuactions of the Chemical Society Fisher contributed 
papers on “Manganese Tetrachloride” (1878) and “Lead Tetra¬ 
chloride” (1878), and to the Proceedings in 1892 a paper on 
“Anhydrous Oxalic Acid.” He was a keen field botanist and a 
good geologist, and took a large interest in the subject of the 
composition of well waters from various water-bearing strata, 
several papers from him on this subject having appeared from 
time to time in the Analyst^ notably one on “ Alkaline Waters 
from the Chalk” {Analyst^ 1901) and one on “Alkaline Waters 
from the Lower Greensand” {Analyst, 1902). 

He had an extensive professional practice as a water analyst 
and as Public Analyst under the Sale of Pood and Drugs Act, 
h-Ayii^ been for nearly forty years Public Analyst for the counties 
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of Oxford, Berks, and Bucks, and also for the City of Oxford and 
for boroughs within the area of the aforesaid counties. 

He was a man of fine physique, and in his early days was dis¬ 
tinguished as a college oarsman, as well as on the running path; 
whilst during eleven years' volunteer service in the 1st Surrey 
Rifles in his early days he won numerous shooting prizes. 

His life was lived mainly within his university, and he was less 
well known in the general chemical circle than were many of his 
contemporaries. But by those who came within the range of his 
genial personal friendship he was much loved and will be sadly 
missed. 

B. Dyer. 


ANTOINE PAUL NICOLAS FRANCHIMONT. 

Born May 10th, 1844; Died July 2nd, 1919. 

Antoine Paul Nicolas Franchimont, Professor of Organic Chem¬ 
istry in the University of Leiden and an Honorary Foreign Mem¬ 
ber of the Chemical Society, was born at Leiden on May 10th, 
1844, He came of an old French refugee family, who after 1687 
migrated to Holland from the neighbourhood of Spa, where the 
ruins of their ancestral castle, The Franchimont,’' still exist. His 
father was the minister of the French Church at Leiden, and had 
married the daughter of a Dutch pastor. The young Antoine was 
a weak, fragile child, too frail to be sent to school in his early 
years, and hence owed his primary education mainly to his father. 
In his later boyhood he attended the Lyceum, the principal public 
school of Leiden. It was intended that he should become an 
apothecary, and he gained his diploma in 1864, but after a few 
years’ service he relinquished that occupation and entered the 
University of Leiden as a student of chemistry, obtaining his 
doctorate in 1871 for a thesis on “ Contributions to the Knowledge 
of the Origin and Chemical Constitution of the so-called Turpen¬ 
tine Resins.” His first teacher was Van der Boon Mesch, a 
chemist of the old school, whose contributions to experimental 
chemistry were almost wholly concerned with mineralogical or geo¬ 
chemical subjects. Organic chemistry was scarcely studied at 
Leiden in those days. 

Accordingly, Franchimont proceeded to Bonn, where his zeal and 
ability were quickly recognised by Kekule, to whom he became 
private assistimt. He remained at Bonn about eighteen months, 
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and thence went to Paris to work under Wurtz. Here he gained 
the friendship of Fried el and Le Bel. In 1873 he returned to 
Holland^ and was attached, as teacher of chemistry, to the school 
of agriculture at Wageningen, but in the following year was called 
to Leiden to fill the newly-created chair of organic chemistry, 
established on the retirement of Van der Boon Meech, a position 
which he continued to occupy until his retirement on reaching the 
age-limit in May, 1914. 

Franchimont’s association with Kekule may be said to have 
influenced his whole career. It had a no less marked effect on the 
status and development of organic chemistry in Holland. He 
entered on his professorship at a momentous epoch in the history 
of chemistry, and he was not insensible to the opportunity which 
the times had brought him. He came to be regarded as a mission¬ 
ary in the new movement which Kekule initiated, and he made 
Leiden the most progressive school of modem chemistry in the 
Netherlands. His success may be judged from the number and 
variety of his published contributions to its chemical literature, 
and from the character of the men who were attracted by his 
teaching—among them may be named Lobry de Bruyn, van Rom- 
burgh, Holleman, Klobbie, van Erp, Backer, and others who have 
occupied teaching positions in Holland or who have associated 
themselves with its industrial development. 

Franchimont was an excellent teacher and an admirable lec¬ 
turer, enthusiastic and inspiring. His lectures were always care¬ 
fully prepared according to a well-considered scheme, and he spared 
no effort to make them interesting and profitable. Advanced 
students could always learn something from his methods, from the 
originality of his views and the wide range of his knowledge; whilst 
beginners, although they might at times be perplexed by the 
rapidity of his utterance, and his quick-change blackboard practice, 
chalk in one hand and sponge in the other, could not fail to be 
impressed by his evident mastery of his subject. 

It was, however, in the laboratory that his influence was mainly 
felt. He seemed to take a special interest in the work of each 
pupil, and regularly went his rounds twice a day. Like Kekul^, 
for whose methods he always expressed great admiration, he 
attached much importance to cleanliness and neatness of manipu¬ 
lation, qualities which characterised his own work. The I^iden 
laboratory, when he retired in 1914, showed few signs of wear, 
although some hundreds of students had passed through it since 
its opening in 1901. 

His activities were, however, affected in the outset by various 
adv^^rse circuiBstaiioes, and it says inudh for his ^ergy, pewavw* 



OBITTTAEY NOTIOBS. 


459 


anoe, and patience that he should have been able to accomplish 
so much. During the greater part of his career at Leiden he was 
hampered by the conditions under which he had to work: the old 
laboratory was small and poorly furnished and lacked the structural 
fittings and appliances of modern methods of research. Holland 
at that period had relatively few openings for a career in chem¬ 
istry, and the number of those who occupied themselves in the 
pursuit of that science as a profession was consequently small. 
Hence there was little public pressure on the Government to build 
and equip chemical laboratories of a type demanded by the times. 
As regards Leiden, the State seemed content for years to allow it 
to live on the traditions of Boerhaave. Franchimont must fre¬ 
quently have sighed for some of the arrangements he had learned 
to know and to appreciate in the spacious temple, which, under 
the inspiration and guidance of Hofmann, had been erected in the 
Poppelsdorfer Allee in Bonn. But everything comes to him who 
waits. After many and long delays his hopes and wishes were 
gratified, and, thanks to his industry and zeal, Leiden now possesses 
an admirably arranged laboratory for the study of organic chem¬ 
istry. In its planning and equipment Franchimont took the keenest 
interest, sparing no trouble to make himself acquainted with every 
detail that would contribute to its utility and convenience. The 
writer recalls the lively pleasure with which he inspected the 
buildings of the then recently erected Government laboratories in 
Clement’s Inn Passage, and the quick appreciation with which he 
noted any contrivance that would facilitate the operations of 
analytical chemistry. 

When the new Tveiden laboratory was opened Franchimont had 
occupied his chair for twenty-seven years, and much of his intel¬ 
lectual vigour and creative power were spent. He used to lament 
that for him it had come too late, but to the last he continued 
to regard it with pride and affection. He could have desired no 
more appropriate monument by which to perpetuate the memory 
of his long and fruitful association with the famous old University. 

On the twenty-fifth anniversary of his election to his professor- 
ship his friends presented him with his portrait, painted by the 
distinguished Dutch artist, Therese Schwartze, which is ultimately 
to pass into the possession of the University. On the occasion of 
the fortieth anniversary, a week before his seventieth birthday, a 
relief pc^rait in bronze by Toon Dupuis was offered to the hew 
laboratory to be affixed to the wall of the entrance vestibule. 

Franchimont, on his retirement, mainly occupied himself with 
his duties as one of the editors of the EecueU des Tra)^cmx 
0himiqu€9 Pay^-Bat et de la Belgique^ with which he had beei^i 
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connected since 1882, and in which his own contributions to science 
for the most part appeared. 

Although towards the end of his days his physical strength was 
greatly impaired, and he suffered acutely at times from the effects 
of the painful malady to which he ultimately succumbed, his mind 
continued active and alert to the last, and he read and corrected 
proof-sheets to within a week of his death on July 2nd, 1919. 

A man of simple tastes and habits, happy in his relations with 
his colleagues and pupils, and in his home life—he had married 
Miss Cornelia van Batenburg, a member of an old Gelderland 
family, in 1880—his interests were wholly centred in the duties 
and responsibilities of his office. He lived the serene, contemplative 
existence of the philosophic student, devoting his life to the eluci¬ 
dation of a special class of phenomena. The character of his 
studies was, of course, mainly determined by the requirements of 
his professorship, but his knowledge as a chemist was by no means 
limited to his own department. He was an omnivorous reader, and 
followed the development of every section with equal interest. He 
had a sound judgment, a strong logical faculty, and keen intuitive 
power—qualities which made him an admirable editor and a 
capable and judicious critic. He was blessed with a happy tem¬ 
perament and a genial manner, and had the saving grace of 
humour. Although absorbed in his work, and apt to resent inter¬ 
ruptions to it by the routine calls of academic trivialities, he was 
in no sense a recluse, but when the occasion demanded took his full 
share in the management of university affairs. 

Franchimont’s first published paper on Turpentine Resins 
appeared in the Archives^ for 1871, and was quickly 

followed by communications on heptvlic acid and heptyl alcohol. 
With Kekule he discovered triphenylamine, and he detected the 
formation of anthraquinone in the preparation of benzophenone. 
These, it is believed, were the only papers on aromatic chemistry 
with which he was directly concerned. During his stay in Bonn 
he also worked with Zincke on the aliphatic derivatives from 
Heracleum oil—a subject which had already engaged his attention 
before his visit to Germany, Indeed, he seemed almost exclusively 
attracted to the chemistry of aliphatic compounds, and practically 
the greater part of his memoirs, as well as those he published in 
collaboration with his pupils, deal with this class of substances. 
During the forty years of his activity at Leiden upwards of one 
hundred contributions to the periodical literature of chemistry 
emanated from his laboratory, apart from the many graduation 
theses which he may have inspired. Considerations of space 
prevent any detailed examination of this mass of work, but certain 
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papers of special significance require notice. Among them is the 
memoir on the Acetylisation of Glucose'’ (1879), leading to the 
isolation of the penta-acetate, which subsequently played so impor¬ 
tant a part in Emil Fischer’s researches on the isomeric derivatives 
of glucose. Next is the paper on the Acetylisation of Cellulose” 
(1879--1881), when he prepared three acetates, one of which was 
afterwards identified by Skraup and Konig, in 1901, as the octa 
acetate of cellobiose. From these researches originated the methods 
of acetylation now in common use, thereby laying the foundations 
of an important technical industry. 

Franchimont’s name is, however, principally associated with the 
study of the nitroamino-compounds—a class of substauces with 
which the Leiden laboratory is identified. In collaboration with 
van Romburgh he investigated the action of nitric acid on dimethyl- 
aniline, which resulted in the discovery of trinitrophenylmethyl- 
nitroamine—the “ tetryl ” of these later days. Franchimont also 
prd^ared dinitrodimethyloxamide and dimethylnitroamine. 

With Klobbie (1888) he obtained methylnitroamine, an acid 
substance isomeric with Frankland s dinitromethylic acid, by the 
action of ammonia on methyl nitrourethane. 

With his pupil, van Erp, he found (1894) that alkylation of the 
monoalkylnitroamines gives not only the dialkylnitroamines, but 
also isomeric forms, which may be regarded as oxygen esters—one 
of the first of the illustrations of isomerism to be studied by 
Hantzsch with his theory of pseudo-acids. 

A complete list of Franchimont’s papers, together with the 
titles of the various graduation theses which originated in his 
laboratory, has been compiled by his pupil. Professor Backer, and 
is published in the Chemuch Weekhhidy 1914, No. 18. 

I ranchiinont was also the author of several text-books on 
organic chemistry which had a considerable measure of popularity 
in their day, but have now been largely superseded by more modern 
works. Compilation of literature of this kind was not a congenial 
task to a mind of his originality. 

Franchimont was an Officer of the Order of the Dutch Lion, and 
of the Legion of Honour, and a member of the Dutch Academy 
of Sciences of Amsterdam. He was elected an Honorary Foreign 
Member of the Chemical Society in January, 1898. 

My acknowledgments and thanks are due to Miss J. J. P. Brants, 
a niece of the late Professor Franchimont, and also to Professor 
Backer, of the University of Groningen, for the information and 
assistance they have afforded me in the preparation of this notice. 

T. E. Thorpe. 
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HAROLD CECIL GREENWOOD. 

Born May 3ro, 1887; Died November 4th, 1919. 

Harold Cecil Greenwood, O.B.E., D.Sc., F.I.C., was born at 
Edenfield, near Mancliester, on May 3rd, 1887, and was educated 
at the Grammar School, Bury. He entered for his Science Course 
at Manchester University at an early age, and graduated as B.Sc. 
with first-class honours in chemistry in 1907. He obtained in 
succession the Mercer Scholarship, the Beyer Fellowship, and an 
1851 Exhibition Scholarship. During this period the Electro¬ 
chemical Department of the University was constituted und^ 
Dr. R. S. Hutton, and Greenwood became one of his most enthum-r 
astic students. He carried out a series of important researches, 
on the production of ferro-alloys, the reduction of refractory 
oxides, and on the boiling points of metals, first at atmospheric 
pressure, afterwards studying the effect of reduction of pressure 
on the boiling point. Later he employed some of the pressure 
furnaces designed by Dr. J. E. Petavel for further study under 
increased pressure. His researches in this field furnish the 
accepted data for most of the substances he studied. On obtain¬ 
ing the 1851 Scholarship, Greenwood proceeded to Karlsruhe, 
where he worked for a period with Professor Haber. Following 
up the earlier work of Haber and Le Rossignol, Greenwood’s 
research on the synthetic production of ammonia by means of 
the uranium carbide catalyst, and his study of the details of this 
reaction under varying conditions of flow rate, temperature, 
pressure, etc., probably marked the stage at which it was first 
realised that a successful technical process might be founded on it. 
The Badische Company had already begun to take an interest in 
the developments at Karlsruhe and to help to finance the expenses 
of the research; therefore when, after six months' work, the time 
arrived for a report of progress to be furnished by Greenwood to 
the Commissioners of the 1851 Exhibition, he was obliged to go 
before some of the Badische directors to be catechised as to what 
use would be made in England of the report. Would it fall into 
the hands of Sir William Ramsay? The publication of this 
research, and of a number of others carried out by Haber’s co- 
workers at Karlsruhe about the same period, was held over until 
after the outbreak of war, by which time the technical success of 
the synthetic ammonia process had been assured. 

Greenwood returned to England in the year 1910, and worked 
for some time in the Heat Division of the National Physical 
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Laboratory on the specific heat of metals at high temperatures, 
elaborating the method formerly employed by Harker in his 
determination of the specific heat of iron. He obtained the D.Sc. 
from Manchester University in 1912, and became a Fellow of the 
Chemical Society in the same year. He was subsequently 
appointed Research Chemist to the firm of William Hutton and 
Sons, Ltd., of Sheflfield, where he investigated problems cognate 
to the electroplating industry. 

Early in 1916, when the submarine campaign had begun to 
cause anxiety as to the country’s supplies of sodium nitrate from 
Chile, the Faraday Society appointed a small committee to pre¬ 
pare a memorandum on the question of nitrogen fixation for sub¬ 
mission to the Ministry of Munitions. Of this committee Greenwood 
subsequently became a member. After a number of preliminary 
conferences, the Nitrogen Products Committee of the Ministry was 
constituted, and among its other activities it was decided to com¬ 
mence experimental work on certain problems relating to fixation. 
Although at that time it was not anticipated that there would be 
any shortage of supplies of ammonia, yet it was deemed desirable, 
in view of the suitability of the synthetic ammonia process 
for the needs of the country, that an experimental study of it 
should be made forthwith, so that the required information should 
be available if necessary. Greenwood at the time was serving as 
a technical officer in the R.N.V.R., but in view of his previous 
experience his services were requisitioned at the writer’s suggestion, 
and he became the head of the Synthetic Ammonia Section of the 
Research Laboratory established by the Munitions Inventions 
Department. This was located in premises placed at the dis¬ 
posal of the Government in the new Ramsay building at University 
College, chiefly through the instrumentality of the Provost and 
Professor Donnan. In the early stages of the work there were 
many difficulties with which to contend, but in his section a con¬ 
siderable measure of success was quickly achieved by Greenwood 
and his collaborators. After a year’s experimentation, it was 
decided by the committee to establish a technical plant on a 
moderate scale, since by means of this plant it was hoped that a 
study of the chemical engineering problems could follow on that 
already made of the pure chemistry of the reactions involved. 

Early in 1918, however, the engineers of the Explosives Depart¬ 
ment decided that the progress made justified them in proceeding 
with a scheme for the erection of a large works for the manu¬ 
facture of synthetic ammonium nitrate, and a site on the River 
Tees was ultimately chosen, and building operations were begun. 
At the time of the Armistice, however, the factory was far from 
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complete, and since then arrangements have been made for its 
transfer from Government ownership to private enterprise. In 
the following autumn Greenwood was taken over into the service 
of the Syndicate which was to assume control of the new develop¬ 
ment. He had been engaged only a few weeks on his new duties 
as their chief research chemist when he was suddenly taken ill. 
After a few days’ illness he died from blood poisoning at 
Winnington Hall, Northwich, on November 4th, 1919, at the early 
age of thirty-two years. 

Dr. Greenwood married, in 1913, Miss M. G. Horsfall, who, 
herself a graduate in science, was able to render her husband 
valuable assistance in his work. He leaves no family. 

Just before his death he had completed for press an important 
work on ‘‘Industrial Gases” for Dr. Samuel Rideal’s series, which 
has since been published. 

Although of a rather shy and retiring disposition, the reverse 
of dogmatic, and not excelling as an expositor, Greenwood 
possessed the true research instinct, and had a genial and attrac¬ 
tive personality. He won the esteem of all who worked with 
him. His output of research was one of which many a much 
older man would have been proud; by his death, experimental 
applied chemistry suffers a severe loss. 

J. A. Harker. 


CHARLES EDWARD GROVES. 

Born March 4th, 1841; Died February Ist, 1920. 

Though during the last twenty years of his life the figure of C. E. 
Groves was less familiar than formerly to the Fellows of the 
Chemical Society, no one was better known and esteemed during 
the long period in which he held office as Editor of the Journal, 
Groves was born at Highgate on March 4th, 1841, but while 
still a young child his parents removed to Kennington, and in that 
neighbourhood he remained until the end of his life. He was 
educated at Brixton College School, and subsequently entered the 
Royal College of Chemistry under Hofmann, the first professor. 
In October, 1862, he became chief private assistant to Dr. John 
Stenhouse, F.R.S., who had a laboratory for research in Rodney 
Street, Pentonville. This was an almost unique establishment. 
Stenhouse had been for some years lecturer on chemistry at St. 
Bartholomew’s Medical School, but about the year 1856 he had 
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been disabled by a paralytic stroke, from which he partly, but 
never wholly, recovered. His interest in chemical investigation 
prompted him, notwithstanding his crippled condition, to resume 
his researches into the nature of the crystalline constituents of 
lichens and other vegetable materials, and he found premises to 
suit his purpose in an old house to which was attached the out¬ 
buildings of an abandoned artificial flower factory. Here early in 
1860 he established himself with E. J. Mills (afterwards professor 
in Glasgow) as his scientific assistant. Mills was succeeded in Sten- 
house's laboratory by C. E. Groves, together with W. A. Tilden as 
junior. When the latter left, for a post at the Pharmaceutical 
Society, he was succeeded by R. Meldola (afterwards President of 
the Chemical Society) and T. Bolas. The little laboratory was 
always busy, and Groves remained in command until the death 
of Stenhouse in 1880. During the later years of this association 
the papers resulting from the work done were published in the 
joint names of Stenhouse and Groves. Both were men of earnest 
religious convictions, and “the Doctor,” who could only sit and 
watch operations, was much disposed to talk during work, which 
was not unfrequently interrupted by controversy on subjects con¬ 
nected with their respective religious views, Stenhouse being a 
Presbyterian and great admirer of the famous preacher Charles 
Spurgeon, while Groves, as a high churchman, stood up for the 
episcopal establishment. 

In 1865 Stenhouse succeeded Hofmann as one of the external 
Assayers to the Royal Mint, and held the office until it was 
abolished by Mr. Robert Lowe in 1870. Stenhouse, of course, was 
incapable of any sort of manipulation, and the work was done by 
Groves with the aid of a technical assistant. 

In 1877, when the Institute of Chemistry was founded, Groves 
took an active part in the movement and was appointed Secretary; 
from 1887 to 1892 he was also Registrar. He was connected with 
the Journal of the Chemical Society from 1878, first as Sub-Editor 
and in 1884 as Editor, in succession to Mr. Henry Watts. This 
office he resigned in 1899. Soon after Dr. Stenhouse s death in 
1880 Groves was appointed Lecturer on Chemistry and Dental 
Metallurgy in the Medical School at Guy's Hospital, retiring in 
1901. For more than twenty years he was also consulting chemist 
to the Thames Conservancy Board, and gave up this work in 1909. 
For only a few years later he was able to sustain his interest in 
scientific work, but failing health compelled him to retire from 
active life or study, and he died at his house on Kennington Green, 
February 1st, 1920. 

Groves became a Fellow of the Royal Society in 1883. 

VOL, oxvn. s 
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Graves was a good manipulator and skilful analyst. His fami¬ 
liarity with several languages and his extensive knowledge of 
physical and chemical science were valuable qualifications for the 
post of Editor, though he may perhaps be remembered for certain 
peculiarities of phreiseology in English on which he insisted and 
which sometimes brought him into conflict with less scrupulous 
contributors to the pages of the Journal. 

In early life he was a great walker, and though in frame very 
spare he was both muscular and active. Though not addicted to 
games, he found his recreation in mountaineering, and for many 
years his summer vacations were spent in Switzerland. He will be 
remembered by many among the older members of the Alpine Club. 

W. A. T. 


JOHN HOLMES. 

Born January 15th, 1871; Died October 1st, 1919. 

John Holmes, who died on October Lst, 1919, after a short illness, 
at the age of forty-eight, received his early education at Giggleswick 
School. Entering the Royal College of Science as a revenue student 
in 1894, he passed with much credit through the prescribed course 
of studies, and was afterwards employed in the Government 
Laboratory—first as a chemical assistant, and subsequently as a 
member of the permanent analytical staff. During the early part 
of this period he carried out several investigations in collaboration 
with Sir Edward Thorpe, including one on the occurrence of 
paraffins in the leaf of tobacco (T., 1901, 79, 982), and one on 
the constitution of the fat present in the yolk of eggs. Later, he 
worked out the now well-known Thorpe and Holmes’’ method 
for the quantitative estimation of methyl alcohol in mixture with 
ethyl alcohol by oxidation of the former to carbon dioxide. Much 
of his work at this period was concerned with questions relating 
to alcohol, and in the laborious task of compiling a series of 
revised alcoholometric tables, published officially in 1912,. Holmes 
had a prominent part. A process for the accurate determination 
of ethyl alcohol in commercial fusel oil is also due to him. 

Problems in physical chemistry, especially those concerned with 
the theory of solutions and the intermiscibility of liquids, had 
always a great interest for Holmes. A series of papers by him 
on these subjects has appeared in the Society’s Trmisactiom (1907 
1908, 1909, 1913, 1915, and 1918). Although lucid exposition was 
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not the author’s fcyt'te, the experimental results disclosed in some 
of these papers are quite noteworthy; and it might, perhaps, well 
repay some physical chemist, who is not too much trammelled by 
accepted theories, to look carefully into these researches, even if 
it should turn out that he is not in agreement with the author’s 
theoretical explanations of the results obtained. 

Holmes was a man of equable temper and kindly disposition. In 
his younger days he was an excellent all-round man at sports, and 
could point with pardonable pride to a goodly collection of trophies 
carried off in athletic contests. Scientifically, his bent was distinctly 
that of the investigator. He was never so happy as when, the day's 
work done, he could devote his spare hours to following up in the 
laboratory some new clue revealed by previous experiments, or 
some fresh line of thought which his reading had suggested. In 
his modest way he was veritably of thase ‘'who seek knowledge 
simply because they crave for it"; and to a Fellow of the Chemical 
Society no better tribute than this can be paid. 

C. SiMMONDS. 


SIR BOVERTON REDWOOD, BART. 

Born April 26th, 1846; Died June 4th, 1919. 

Sir Boverton Redwood, who died on June 4th, 1919, after a brief 
illness, was the eldest son of Dr. Theophilus Redwood, of Bover¬ 
ton, Glamorganshire, who was for forty years Professor of Phar¬ 
macy in the Pharmaceutical Society at Bloomsbury Square. It was 
quite natural, therefore, that Boverton Redwood chose the study 
of chemistry as a profession. 

Boverton Redwood was born near to the scene of his father’s 
activities at 19 Montague Street, Russell Square, on April 26th, 
1846. He studied at University College School, where he showed 
his inclination for the pursuit of science. On leaving University 
College he entered his father’s laboratory, where he received his 
early instructions in practical chemistry. In 1866, at the age of 
twenty, he was elected a Fellow of the Chemical Society and twice 
served on the Council. 

In 1869 he was appointed Secretary and Chemist to the Petrol¬ 
eum Association, and this caused him to turn his attention to 
the study of mineral oils, a subject at that time quite in its 
infancy, the chemical side of which had scarcely been touched. In 
fact, the American oil had only recently b^ struck, and at that 
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time the chief source of mineral oil was the distillation of shale 
by Young’s process. In a short time he became the leading expert 
on the subject of mineral oils, and kept pace with its rapid 
developments until the day of his death. 

His earliest recorded work in connexion with mineral oils had 
to deal with the testing of the flash point. In 1872 he gave 
evidence before a select committee of the House of Lords on the 
subject, and in 1877, in conjunction with Sir Frederick Abel, he 
carried out researches which resulted in standardising the methods 
of testing for flash points and the establishment of the Abel 
apparatus as the legal basis for testing flash points of low flash 
oils. In the same year he visited the United States to carry out 
further investigations on the subject. 

In 1881 he studied the effect of barometric pressure on the 
gaseous constituents dissolved in oils. These tests were carried 
out at various heights in the Alps and in a pressure chamber at 
Berlin. Following up this line of investigation he visited India 
and carried out further tests as to the influence of climate. As a 
result of this work he—jointly with Sir Frederick Abel and Dr. 
Kellner—advised the Government of India in amending the 
Petroleum Act. 

He travelled considerably and examined petroleum wells in all 
parts of the world, and by this means obtained a first-hand 
knowledge of the oil industry and followed its developments. 

In 1886 he turned his attention to the viscosity of lubricating 
oils, and designed the Redwood viscosimeter, which has become the 
standard instrument in the British oil industry. Recently he 
devised a modified form for use with heavy fuel oils, and this is 
now known as the Admiralty standard. 

In 1892 Redwood visited Egypt in reference to the transport of 
oil in bulk through the Suez Canal. In 1894 the Institution of 
Civil Engineers awarded him the Telford premium for his work 
in reference to the accumulation of petroleum vapour in tanks 
and difficultly accessible parts of ships carrying petroleum. He 
designed a special apparatus for testing for the presence of such 
vapours. About the same time, in conjunction with his brother, 
Robert Redwood, and Mr. H. Barringer, he invented the Redwood 
water-finder, an instrument for determining the amount of water 
which has collected beneath the oil in tanks. 

Redwood was one of the first to attempt the cracking of oils for 
the production of lighter oils from heavy residues. In this con¬ 
nexion he and Sir James Dewar patented a process in 1889 for 
distilling and condensing oils under high pressure. This resulted 
in the heavier grades of oil yielding lighter, gijg a^d, spirit. At 
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this time, however, there was not much call for light oils, and the 
process was not worked on a large scale. 

As might be expected from his interest in oils for fuel and 
other purposes, he .early took an interest in motor-cars, and more 
than twenty years ago the first four-cylinder Daimler car was con¬ 
structed to his order and was exhibited to King Edward VII. 
(then Prince of Wales). 

Besides his interest in his life-work. Redwood took very active 
interest in international exhibitions, and acted as chairman to the 
chemical section of the Royal Commissions for the Exhibitions of 
Brussels and Turin. He also served on the Committees of the 
Rome and St. Louis Exhibitions. He was a man of great activity 
and extreme conscientiousness, and beside looking after his business 
and advising his clients, served on committees of scientific societies, 
from which, when a member, he was rarely absent. It was, in fact, 
difficult to realise how he concentrated so much work within the 
working day. 

During the war he served as Assistant Controller in the Trench 
Warfare Research. He was also Director of the Petroleum 
Research Department, and in this connexion supervised a large 
number of tests on the carbonisation of coals and other bituminous 
materials with the object of obtaining oils, so that this country 
might be self-contained and not require to procure the oils from 
abroad. Later he was appointed Director of Technical Investiga¬ 
tions to the Petroleum Executive. 

In 1913, at his instigation, the Institute of Petroleum Technolo¬ 
gists was founded, and he was elected its first President. 

Redwood was knighted in 1905 and received a baronetcy in 1911. 
The title passes to his grandson, Thomas Boverton Redwood. 

Sir Boverton was adviser on petroleum to the Admiralty and 
Home Office, the India Office and the Colonial Office. He also 
acted as consulting adviser to the Corporation of London under 
the Petroleum Acts, and adviser to the Thames Conservancy. His 
treatise on petroleum, first published in 1896, is the standard 
English work on the subject. He wrote another wbrk on petroleum 
in 1901 in conjunction with Captain J. H. Thomson, and published 
a number of papers on the subject before different industrial 
scientific societies. 

As a man, Redwood had a most charming manner with an old- 
world courteay. He wais always willing to help the younger 
generation, and would take an infinite amount of trouble to help 
young men commencing their career. He was a staunch friend, 
an^ never spoke unkindly even of those with whom he did not 
agree. He bad a habit when he met hia friends of putting his 
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hands on their, shoulders and saying, *^Well, friend, and how are 
you to-day ? Those who knew Sir Boverton Redwood felt a very 
personal loss of a kind friend and counsellor. He died in harness, 
and only a few days before his death was enthusiastically 
examining the first oil struck in this country. 

F. Mollwo Perkin. 


JOHN CHARLES UMNEY. 

Born March 13th, 1868; Died October 9th, 1919. 

J. C. Umney was a pharmacist of a type that is none too common. 
He declared that he loved pharmacy, and was proud of being a 
pharmacist. 

His father, Charles Umney, was a Fellow of the Chemical Society 
from 1865 until the time of his death in 1916, and an original 
Fellow of the Institute of Chemistry. He did pioneer work in 
bringing trained technical knowledge into the wholesale drug 
trade, and became one of the most prominent wholesale druggists 
of his day. 

John Umney may thus be said to have been born into the drug 
trade. He was educated at Dulwich College, where he gained a 
scholarship, and at the Pharmaceutical Society's School of Phar¬ 
macy, where he was a medallist. After passing his examinations 
he worked in the Pharmaceutical Society’s research laboratory 
under Professor Dunstan, with whom he was joint author of a 
paper on aconitine, which was published in the Tramaction^ in 
1892. He was elected a Fellow of the Society in the following 
year. 

His first publication, made in 1889, was a note on the analytical 
characters of oil of anise. Thus did he early identify himself witL 
essential oils, in connexion with which he is so well remembered. 
The literature of many essential oils has been enriched through his 
work, which consisted largely in the examination of new oils, of 
known oils from new sources, and occasionally of exposures of new 
and scientific methods of adulteration. Among others, he worked 
on the oils of anise, bergamot, cajuput, cloves, cinnamon, citronella, 
dill, eucalyptus, fennel, juniper, lavender, lemon, lemongrass, neroli, 
peppermint, pine, and rose, and his papers on the essential oilft 
alone number upwards of fifty. 
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In 1912 the Fairchild Memorial Lectures delivered before the 
Pharmaceutical Society took the form of a short course of lectures 
on the terpenes and essential oils. The first of these, on ^‘The 
History and Chemical Relations of the Terpenes,'' was delivered by 
Sir William Tilden; the second, on “The Synthesis of the Ter¬ 
penes,'' by Professor W. H. Perkin. J. C. Uraney was selected to 
* give the third and fourth lectures, the title of which was “ Essential 
Oils, their Constitution and Commerce." 

Umney was a member of the Committee of Reference in Phar¬ 
macy concerned in the preparation of the 1914 edition of the 
British Pharmacopoeia, and was part-author of the paper on “ The 
Essential Oils of the British Pharmacopoeia," which was read before 
the Pharmaceutical Society and formed the basis of the mono¬ 
graphs now official in that book. He also contributed the article 
on “ Essential Oils " in Thorpe's Dictionary of Applied Chemistry. 

Umney published papers on fixed oils also, particularly almond, 
olive, cod liver, and fish liver oils, and many dealing with crude 
vegetable drugs, making valuable suggestions as to standards for 
these and other medicines. 

His original contributions to pharmaceutical literature during 
a quarter of a century cover a wide range of subjects. In addition 
to scientific papers, and articles of a technical and commercial 
nature, he made valuable communications on subjects usually com¬ 
prehended in the term “Pharmaceutical Politics." His publications 
were made chiefly in the Pharmaceutical Journaly and at the 
annual meetings of the British Pharmaceutical Conference. Lat¬ 
terly his communications appeared in The Perfumery ami Essential 
Oil Eecordy which journal he himself founded and edited with 
conspicuous success. 

At an unusually early age, in fact while still a student, John 
Umney began to exhibit signs of remarkable business capacity, 
and perhaps the most striking characteristic in his outstanding 
personality was his great executive ability. 

Upon leaving the Pharmaceutical Society's research laboratory 
he entered his father’s firm of wholesale druggists, and remained a 
director up to the time of his death. Sacrificing to some extent 
original work on the scientific side for the organising and more 
purely commercial aspects of pharmacy, John Umney rapidly 
reached a prominent position in the drug trade, and while still 
comparatively young was possibly the best known man in the world 
of pharmacy. 

During the course of his business career he filled many offices, 
and in particular was President of the British Pharmaceutical 
Conference (1912-1913), President of the Drug Club (1908-1911), 
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and chairman of the Chemical Trade Section of the London 
Chamber of Commerce (1902-1916). 

Prolific though he was as a contributor on pharmaceutical 
subjects, prominent and successful as he was as a business man, 
XJmney was seen to greatest advantage in his public work, where 
his alert brain found full play. Possessed of keen and sound 
judgment, with a quick perception of the main issue to the exclu¬ 
sion of minor details, he was an invaluable man on the countless 
committees on which he was called to serve. A facile speaker, 
possessed of rare tact and great persuasive powers, Umney was 
at his best when acting as chairman of a meeting, a position he was 
called upon to fill on innumerable occasions. 

Readily receptive of new ideas, innocent of obstinacy, possessing 
to a remarkable degree the gift of seeing the other man's point of 
view, Umney was an ideal colleague to work with, whether as 
joint-author, as fellow-councillor, or in commerce. As a business 
rival he was broadminded and generous. Indeed, those who knew 
him really well, and they have been many, will remember him 
most for his personal charm. Many since his death have testified 
to the valuable advice and kindly help which they have ungrudg¬ 
ingly received from him in cases of difficulty. Few pharmacists 
can have made so many strong personal friendships as John 
Umney. 

The strain of his too-busy life weakened his constitution, and 
some five years ago ill-health, promoted by overwork, assailed him 
so seriously that he who had never spared himself willingly was 
now obliged to yield. 

Notwithstanding his partial retirement from regulair work, and 
despite the efforts of medical science, his health steadily grew 
worse, so that with accumulated infirmities he died at the com¬ 
paratively early age of fifty-one. Thus did Pharmacy lose a leader, 
and many pharmacists a friend. 


C. A. H. 
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LI.— Tht Falliny Sphere VUcosimeter, 

By William Howieson Gibson and Laura Mary Jacobs. 

Although the rate of fall of a steel ball through a viscous liquid 
is frequently made use of as an empirical test, little work has been 
done on the application of this method to the determination of the 
absolute viscosity of liquids. 

In view of the simplicity of the method and the advantages it 
possesses when very viscous liquids are being examined, it was felt 
that a standardised falling sphere viscosimeter would be of value 
in certain researches on nitrocellulose solutions. 

The conditions, corrections, and sources of error in applying this 
method were therefore considered, and an apparatus was specified 
capable of measuring the absolute viscosity of a wide range of 
liquids with considerable accuracy. In this connexion, we are 
indebted to Mr, W. MacNab for a sketch of the apparatus which 
he had found convenient for the comparison of nitrocellulose 
solutions. 

The apparatus has now been in use in Government laboratories 
for testing purposes since February, 1917, with satisfactory results, 
so the initial work is now published, in the belief that it may have 
f urther applications. 

The velocity of a sphere falling vertically in a fluid in relation 
to viscosity waw investigated mathematically by Stokes (see Lamb, 
“ Hydrodynamics/’ p. 587 ti »eq,)^ who derived the well-known 
equation 

.( 1 ) 

9 7) 

where V is the velocity of the sphere, r the radius and s the 
density of the sphere, and <r the density and the viscosity of the 
liquid. 

This equation holds only when the conditions are such that 
is small, since from dimensional considerations it is 

apparent that the general expression for the resistance experienred 
by a sphere in falling through a liquid is 

r Fr(.^ - <r) Y I’® 




and this only simplifies to Vrq, as required by Stokes’s equation, 
when n = l. Higher powers of n can only be neglected if 

veil. oxvn. T 
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-is small (see Edser, “ General Physics/’ p. 489, or 

Poyiiting and Thomson, ‘ Properties of Matte^r,” p. 222). 

Stokes’s equation applies only to a sphere falling through an 
infinite extent of liquid, but the velocity of a small sphere falling 
axially through a viscous liquid in a cylinder has been discussed 
mathematically by Ladenburg {Ann. Physihy 1907, [iv], 23 , 9, 
447), Lord Rayleigh {Phil. May., 1893, [v], 36 , 354), and Allen 
(ibu/., 1900, [v], 50, 323), and Ladenburg (Ana. Physik, 1907, [iv], 
22 , 287) made use of the principle for the determination of the 
viscosity of Venice turpentine under pressure. Sheppard (7. Jm/. 
Emj. Chew., 1917, 9, 523) has used the method of the falling 
sphere for the determination of the absolute viscosity of viscous 
liquids, such as solutions of nitrocellulose, but the correction formula 
for the effect of the walls of the vessel on the time of fall of the 
ball applied by him is not that reached mathematically by Laden¬ 
burg, Rayleigh, and Allen, which we have found to be correct 
experimentally. Further, the comparatively large-sized balls used 
by Sheppard are not an advantage. 

According to Ladenburg, there are two linear corrections to be 
applied to the simple Stokes’ equation for the case of a small 
sphere falling axially through a viscous liquid in a cylindrical 
tube, a correction for wall-effect and one for end-effect. 

The correction for wall-effect is 

F(l-h2-4x) = .(2) 

where x is the ratio of the radius of the sphere to that of the 
cylinder, V is the velocity of the sphere, and the velocity of 
the sphere corrected for an infinite medium. This formula was 
confirmed experimentally for tubes and balls of the radii used by 
us, but fails when x becomes large, hence for a steel ball of given 
diameter the diameter of the tube employed must be sufficiently 
large for the correction to apply. Sheppard used for a correction 

the empirical formula jy,, where T is the time of 

fall of the sphere through a length the time of fall in an 

infinite medium, r the ratio of the radius of the cylinder to that 
of the sphere, c a constant depending on the diameter of the 
sphere, and n is a constant taken by Sheppard as 2. 

From the form of this expression, it is an endeavour to apply 
a correction for cases when the diameter of the tube is not large 
enough relatively to the sphere for the linear correction of Laden- 
apply, but although the expression may fit the author’s 
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data when sujiable constants are chosen, this does not prove thal 
the value of obtained is the correct one. 

The correction for end-effect has not been taken into consider¬ 
ation by Sheppard. It is of less importance than that for wall- 
effect, but is appreciable. If the velocity is measured in the middle 
third of the tube, the correction is 

= (l+3-3 .(3) 


where r is the radius of the sphere and h is the height of the 
liquid. 

The complete equation, including both corrections, for the fall¬ 
ing sphere viscosimeter is consequently 

9,F(l+2'4a;)(^l+3-3 .rj = 2yr*(s-o-) ... (4) 

or, if the time of fall T through a length « is measured, 

V(l+2-4a:)(^l+3'3^^^ = 2 jr«(s - o-)T . ... (5) 


If spheres of e(]ual radius are used in tubes of the same 
dimensions, the only variables are relative density, viscosity of the 
liquid, and time of fall. A simple equation, 


1 = 

V\ (s-o'i)^i 


( 6 ) 


resembling the expression used for the Ostwald pattern of capillary 
viscosimeter, can then be employed to obtain the viscosity of a 
liquid when the time of fall for another liquid of known viscosity 
is known. This permits of the standardisation of viscosimeter 
tubes by means of a standard liquid the viscosity of which has 
been determined, either in a tube, the dimensions of which have 
been accurately measured, or by another method. 


Selection of Components. 

The considerations which influenced the specification of the 
apparatus may now be discussed. 

In the choice of a sphere, uniformity of diameter is most 
important, and steel ball-bearings are very satisfactory in this 
respect. They are guaranteed by the makers to be correct within 
0*0025 mm. Tested by the measurement of one gross of balls, 
this was found to be the case. The possible error on the radius of 
the sphere when a ball of 0*15 cm. in diameter is taken is there¬ 
fore only 0*16 per cent. 

T ^ 
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A ball of O’15 cm. in diameter was choeen as tb© standard size, 
as it was the smallest stock size. The advantages of using the 
smallest ball available are that the correction factors may be 
applied to tubes of small diameter, and since the expression 

which must be small for Stokes’s equation to hold, 
V 

decreases with r, that valid results may be obtained over a wider 
range of liquids. The density of the steel of which the ball¬ 
bearings are composed was determined for one gross of balls, and 
found to be 7*65. 

It is unlikely that great variations exist in the density of ball¬ 
bearings, and error can always be avoided by determining the 
density of the balls in use. 

Before the standard diameter for the viscosimeter tube was 
fixed, many experiments were made in which a sample of castor 
oil was used as the liquid, and the times of fall of standard 0*15 cm. 
spheres in tubes of different diameters were determined. 

The results obtained at 20^ with five tubes are given in table I. 



Table I. 


Time of fall, 

Diameter of 

Time of fall 


infinite 

tube. 

for 15 cm. 


medium. 

Cm. 

Seconds. 

X, 

Seconds. 

0-86 

26*2 

0*187 

17*4 

M4 

21*8 

0*1395 

16*3 

210 

18*8 

0*0757 

15*9 

3*50 

17*7 

0*0454 

15*95 

4*54 

17*4 

0*0350 

16*0 


It will be seen that the time of fall, calculated for an infinite 
medium, becomes constant for the wider tubes. The small differ¬ 
ences are ascribed to irregularities in the bore of the tubes. 

For the standard tube, an internal diameter of 2 ±0*05 cm. 
was specified as coming within the limit of applicability of the 
correction factor, whilst being more convenient than wider tubes. 
The maximum error involved in taking these tubes as exactly 
2 cm. in diameter without measurement is 0*4 per cent., since the 
correction factor for 1*95 cm. is 1*195, for 2 cm. 1*1905, and for 
2'05 cm. 1*186. In technical work, an error of this magnitude 
may often be neglected, but it is preferable to standardise each 
tube by measuring the time of fall with a liquid of known viscosity 
for accurate work. If the values of t/j, orp and for the liquid 
of known viscosity and « the density of Uie steel are substituted 
in equation (6), it becomes 

rj^K {ST-(r)T ^ (7) 
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where ^ is a numerical constant involving all the corrections for 
the particular tube, termed the tube constant. 


The total length of the viscosi¬ 
meter tube was fixed at 29 cm., 
and it was divided into three 
5-cm. lengths for measurement of 
time of fall, another 5 cm. was 
allowed for the ball to acquire its 
uniform velocity, and a further 
graduation mark fixed the height 
of the liquid in the tube. To 
deliver the sphere into the centre 
of the tube, the following simple 
device was found satisfactory. 
The tube was closed by an india 
rubber stopper, bored centrally, 
with a glass tube of 3 mm. 
internal diameter and 7 cm. long 
passing through it. 

This tube was adjusted to dip 
3 cm. below the surface of the 
liquid in the viscosimeter tube, 
a small hole in the side wall of 
the releasing tube just below the 
stopper serving to adjust the 
pressure inside and outside the 
tube. The sphere, when dropped 
into the releasing tube, travels 
very slowly down it, and is freed 
from air bubbles; it then leaves 
the end below the surface of the 
liquid with the minimum of dis¬ 
turbance and in the centre of the 
tube. 

The accompanying diagram 
shows the arrangement of the 
apparatus. 

Vucmity of Castor Oil .— 
Castor oil was chosen as a con¬ 
venient standard liquid. 

The viscosity of castor oil has 
been determined over a range of 



iemperatiire by Kahlbaum and Kaber (^Kais. Lcoif^Carol. Dcui. 
Akad. Naturf. Halle, 1905, 84 , 203). 
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Table II gives a few of their results. 

Table II. 

Temperature. 161° 19*6° 22-6° 24-8° 26-4° 

Viscosity in C.G.S. units 13-704 10-272 7-908 6-592 6-003 

The viscosity at 20° is therefore 9*9. 

The time of fall of a standard ball through 15 cm. of castor oil 
in a standard viscosimeter tube of 1 cm. radius at 20° was found 
to be 19*4 seconds. 

Substituting in equation (5), this gave 

9 X t/ X 15 X 1*1905 X 1-0103 - 2 x 981 x 0 07942 x 6-69; 
hence = 9*888. 

The density of the castor oil was 0*96 and the density of the 
steel 7*65. 

The result obtained with the falling sphere viscosimeter is 
remarkably close to that obtained by Kahlbaum and Raber, and 
indicates that the instrument may be used with confidence to 
determine the viscosity of liquids with similar or greater viscosity. 


S'wmwary. 

The theory of the falling sphere viscosimeter is briefly discussed 
and the magnitude of some corrections and errors are indicated. 

The bearing of these on the design of an instrument for general 
use is discussed. 

The viscosity of castor oil determined by this instrument is 
shown to agree with the value found by Kahlbaum and Raber. 

This work was carried out at the Re^search De})artment, Royal 
Arsenal, Woolwich, and is published by permission of the Director 
of Artillery, War Office, to whom our thanks are due. 

We also desire to express our thanks to Lieut. Colonel R. A. 
Craig, C.M.G., and to Sir Robert Robertson, K.B.E., F.R.S., for 
the interest they have taken in this work. 

Reseabch Department, 

Royal Arsenal, 

Woolwich. [Received, March lOth, 1920.] 
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LIL — The Viscosity of Solutions of Celhdose, 

By William Howieson Gibson. 

Part I. 

During the progress of work in connexion with the manufacture 
of propellant powders, some observations of general interest on 
the viscosity of solutions of cellulose have been made, and this 
})aper gives a brief account of this portion of the work. 

Very many determinations of viscosity have been made, so a 
selection only has been given. 

A number of determinations of the viscosity of cuprammonium 
solutions of various forms of cellulose, such as cotton, wood- 
pulp, etc., were made by Ost (Zeitsch, angew. Chein., 1911, 24 , 
1892), who claimed that viscosity determinations carried out by 
his method gave useful information on the nature and technical 
value of celluloses. 

As the determination of viscosity seemed to be a promising 
method of obtaining information of technical value, a considerable 
number of experiments were carried out by Ost’s method, but the 
results were far from satisfactory, owing to the progressive changes 
which took place in the solution, which are referred to in Ost's 
paper. 

In order to improve the method, elimination of the progressive 
change in the solutions was essential, and as air-oxidation seemed a 
probable cause, complete exclusion of air was tried. 

The difficulties in obtaining trustworthy viscosity determin¬ 
ations were overcome in this way by the use of the hydrogen 
capillary viscosimeter, and, later, the falling sphere viscosimeter 
(see Part TI). 

Although the hydrogen capillary viscosimeter was somewhat 
troublesome to manipulate and could only be used for solutions of 
cellulose up to 1 per cent., it was found very useful in studying 
the effect of various treatments on cellulose. 

The viscosity in C.G.S. units of 1 per cent, solutions in 
cuprammonium of twenty-eight samples of purified cotton-waste 
examined in the Hydrogen capillary viscosimeter ranged from 4*53 
to 0*14, and the viscosity of a trade sample of unpurified waste 
was found to be 7 units. These results indicated that considerable 
difference existed between different samples of purified cotton- 
waste, which could probably be ascribed to difference in treat- 
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ment. The high viscosity of unpurified cotton wavS also definitely 
established. 

The effect of variation in the conditions of treatment of cellulose 
with sodium hydroxide solutions on the viscosity of the product 
was studied on the laboratory scale, using the hydrogen capillary 
viscosimeter. 

The results obtained in these experimenb^ are given in the 
following tables, and are plotted in Fig. 1. 


Table I. 


ConditiouB of boilinp. 
Cotton 100 parts. NaOH 

18 parts. 

Number Viscosity in 1 per cent, solution 

of curve C.G.S. units, 

in Fig. 1. Time of boiling in hours. 

0. 

li. 

3. 

6. 

9. 12. 

Pressure, 6*6 kilos, per sq. 

cm. 



4 percent. NaOH solution, 
o 

** »♦ »» If 

I. 14-48 

II. 14-48 

0-40 

0-64 

0-13 

0-21 

0 00 
0-14 


Pressure, 2*8 kilos, per sq. i 

Dm. 



4 percent. NaOH solution. 

^ tt ft »» 

III. 14-48 

IV. 14-48 

2-61 

3-61 

1- 46 

2- 40 

0-84 

1-87 

0 45 0 42 

0-75 0-53 

Pressure, 1*4 kilos, per sq. 

cm. 



4 per cent. NaOH solution. 

2 ,, ,, y, 

V. 14-48 

VI. 14-48 




2- 65 

3- 90 


Table II. 

Parts of NaOH solution to I part 
of cotton. 

-^ ^- A _ _ ■ ■ - 

2. 4. 8. 16. 

Pressure, 6-6 kilos, per sq. cm. 

Time IJ hours. 

4 per cent. NaOH solution . 0-43 0-40 0-29 0-32 

2 „ „ . 1-27 0-72 0-64 0*53 

Consideration of these results leads to the following conclusions: 

(1) Temperature is the main factor in reducing the viscosity of 
cotton during boiling with sodium hydroxide. 

(2) The viscosity falls rapidly at the beginning of the experi¬ 
ment^ and the rate of fall slackens as th^ boiling continues. 

(3) TJi^ concentration of sodium hydroxide solution influences 
the viscosity. With a 2 per cent, solution, the viscosity is 
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approximately about 50 per cent, higher than with a 4 per cent 
solution. 

(4) At high temperatures, the viscosity falls so rapidly that the 
concentration of the solution is of little practical importance. 

(5) With mild treatments, the actual difference between con 
oentrated and dilute solutions is more pronounced. 

(0) When the proportion of solution to cotton is increased, the 

Fig. 1. 



viscosity is reduced. This may be due to the concentration of the 
solution remaining more uniform during the boiling. 

The experiments indicated quite clearly that the viscosity of 
purified cotton could be controlled by controlling the conditions 
of the boiling process. Examination of samples of bleached and 
unbleached cotton>waste were made, and led to the conclusion 
that the process of bleaching with weak bleaching powder solution 

T* 
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had little effect on viscosity. The effect of treating the cotton 
with sulphuric acid (0*25 per cent.) was found to be negligible; 
thus, the viscosity of the same sample of cotton before treatment 
was 0’42 unit, and afterwards 0*45 unit. 

Many samples of cotton boiled on the manufacturing scale 
under various conditions have now been examined with the falling 
sphere viscosimeter, and several interesting relationships have been 
indicated. The large-scale work has proved conclusively that the 
conditions ^of the boiling process determine the viscosity of the 
purified cellulose, and it has been found possible by standardising 
these conditions to keep the viscosity of cotton-waste used for nitra¬ 
tion within much narrower limits than heretofore. The results 
of the determination of the viscosity of one blend of cotton-waste, 
using different treatments, are given in table IIT. 


Table III. 


Solution. 

Pressure of 
steam. Kilos, 
per sq. cm. 

Time. 

Hours. 

Viscosity of 
2 per cent. 
solution. 

2 per cent. NaOH 

2 per cent. NajCOj . 


10 

317 

2 per cent. NaOH 

2 per cent. Na^COa . 


20 

256 

4 per cent. NaOH . 


10 

332 

4 per cent. NaOH . 


20 

193 

2 per cent. NaOH . 

. 1-4 

10 

240 

2 per cent. NaOH . 


20 

94 

1 per cent. NaOH 

3 per cent, NagCOg . 

. 2-8 

10 

172 

2 per cent. NaOH 

2 per cent. N^COg . 

2 per cent. NaOH 

2 per cent. NajCOg . 


10 

129 


20 

19 

2 per cent. NaOH . 


10 

73 

2 per cent. NaOH . 


20 

24 

4 per cent. NaOH . 


10 

48 

4 per cent. NaOH . 


20 

4 


These results again indicate the importance of temperature in 
reducing viscosity, and the influence of strength of solution is 
shown. It is also evident that sodium carbonate is ineffective 
compared with sodium hydroxide. 

The experiments on different classes of waste given in table IV 
are of considerable interest. In these experiments, the conditions 
were the same in all cases, but the Eastern cottons give products 
the viscosity of which is about half that of American cotton of 
similar grade. 

There is also a marked difference in the viscosity obtained with 
long-fibred cop-waste and short-fibred fly. It is hoped that further 
work in this direction will enable more definite correlations to be 
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mad© betw©©n climatic conditions of growth of cotton and th© 
viscosity of solutions, and also between maturity of fibre and 
viscosity. 

Table IV. 


Treatment .—Ten hours under a pressure of 2*8 kilos, per sq. cm. 
with 4 parts of 3 per cent, sodium hydroxide solution to 1 2 )art 
of cotton. 


Material. 

American Fly .. 

EaHterii Fly . 

American Cops. 

Eastern Cops . 


Viscosity of 
2 per cent, solution, 
128 
53 
57 
26 


A further relationship has been shown to exist between the 
viscosity of cellulose solutions and the viscosity of nitrocellulose 
solutions. The property inherent in cellulose to which viscosity 
is due is transmitted to the nitrated derivative. Table V indicates 
that high viscosity in the cellulose is accompanied by high viscosity 
in its derivative. 

Table V. 


Viscosity of cotton : 
2 per cent, 
ouprarnrnonium 
solution. 

317 

172 

48 

4 


Viscosity of nitro-cotton : 
5 per cent, solution in 
a mixture of ether and 
alcohol. 

67 

43 

29 

10 


At th© instance of Mr. F. R. Jackson, Director of th© Flax 
Experimental Station at Selby, five samples of flax supplied by 
him were examined for viscosity by th© falling sphere method. 
The results obtained are given in table VI. 


Table VI. 


A. Pond retted, hand scutched flax. 

B. As A, but twice scutched by machine. 

C. Twice retted in tanks under controlled conditions.... 

O. Russian dew-retted, low grade. 

B, Originally scutched without retting, fibre then retted 

and re-scutched . 


Viscosity of 
1 per cent, 
solution. 
22-3 
19-7 
30-2 
11-3 

26-5 


These preliminary results indicate that th© viscosity bears a 
relatio-nship to the character of th© flax; thus, Russian dew-r©tte<l, 
low-grade flax differs widely in viscosity from sample (/, Selby flax, 
retted in warm water, and of far superior quality. 


T* 2 
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The visooflity—conceaitratiou curve for cellulose in cuprAmmonium 
has been studied, but Arrhenius's simple formula appears only to 
apply over short ranges of concentration. 

A relationship between viscosity and solubility of cellulose in 
cuprammonium solution is indicated by observations made with a 
variety of cellulose. 

The work has scarcely progressed far enough for wide general¬ 
isations to be made, but it seems clear that certain treatments can 
be applied to cellulose which alter its physical properties pro¬ 
foundly, but produce no decided change in chemical properties. 
This lends support to the view that the production of cellulose in 
the plant is a process of polymerisation, the older layers, pre¬ 
sumably, being more highly polymerised than new growth; the 
process of boiling with sodium hydroxide may effect the reverse 
change and depolymerise the cellulose. 


Part II. 

[With Leo Spencer and Robert McCall.] 

The Hydrogen Capillary Viscosimeter. 

The chief difficulty with Ost's method of determination of 
viscosity is the progressive alteration which the solutions of cellu¬ 
lose undergo, changes in viscosity occurring all through the process 
of solution and up to the time of making the determination. 
Investigation showed that this change was caused by the presence 
of air and light, so a viscosimeter was devised in which solution 
of the cellulose was effected in an atmosphere of hydrogen and the 
influence of light was avoided. With this apparatus, concordant 
results were obtained, and it was possible to repeat determin¬ 
ations of viscosity of cellulose with satisfactory results. The 
apparatus consisted of: (1) a Kipp's hydrogen apparatus; (2) a 
washing bottle filled with sodium hydroxide solution to free the 
hydrogen from acid; (3) a glass cylinder of about 100 c.c. capacity 
to contain the cotton and cuprammonium solution, and a three- 
holed rubber stopper to fit; (4) a capillary viscosimeter, bulb 
3—4 C.C., capillary of internal diameter 0*7 mm., length 

12—16 cm.; (5) a tap funnel of 10 o.c. capacity to introduce the 
solution into the containing cylinders; (6) a supply of large glass 
beads. 

The arrangement of the apparatus is shown in Fig. 2. 

Procedure .—Half a gram of dry cotton is cut into small pieces 
to facilitate solution. The cotton, together with six or eight glass 
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beads, is intrcxluced into the cylinder. The rubber cork contain- 
ing the viscosimeter and inlet tubes is then inserted, and the air 
is displaced by a current of hydrogen whilst the cylinder is in an 
inverted position. A period of less than twenty minutes is 
necessary for complete displacement of air, and this is most 
essential, as even minute traces of air lower the viscosity of the 
cuprammonium solution of cotton. When the displacement of 
air is complete, 50 c.c. of cuprammonium solution are added in 
the following manner. The tap funnel, Z), is attached to the 
capillary outlet tul>e at (7, and the tap is opened for a few seconds 
to displace any air in the outlet tube and the connexion. The 
current of hydrogen is then stopped, the clip at B unscrewe<l, and 


Fio. 2. 



the solution is allowed to run from D into the cylinder. The 
clips at B and C are then screwed up tightly, the hydrogen is 
again turned on, and the contents of the cylinder are shaken 
vigorously until solution is complete. To carry out the deter¬ 
mination, the solution is forced up into the viscosimeter bulb by 
closing the clip at A and applying suction at B. The clip at B 
is then closed and that at .4 opened, allowing the solution to fall 
in the capillary tube. The time of fall between two marks is then 
measured by a stop-watch. The measurement is repeated, with 
intervening shaking, until the results are seen to be constant, as it 
is sometimes difficult to tell by inspection whether solution has 
been complete. Brown paper covers for the cylinder and viscosi- 
. meter serve to protect the solution from the action of light. The 
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viscosimeter is standardised by means of a mixture of glycerol and 
water; the viscosity of this mixture is then compared with that 
«f water in a viscosimeter of the Ostwald type of smaller bore. 

Effect of Air o?i^ the Viscosift/ of CelJuloi^e Solutions. 

The following experiment indicates the effect of air on the 
viscosity of cuprainmonium solutions of cellulose. A solution of 
cotton in cuprammonium was made in the presence of hydrogen, 
and the hydrogen wa^s then displaced by air. 

In one case the solution was allowed to remain without shaking, 
and in the second the solution was shaken continuously. 


Time of contact 

Viscosity 

: Water = 1 



ivith air in hours. 

Standing only. 

With shaking. 

0 

73 

60 


73 

8 

1 

72 

4 

2 

63 

3 

4 

48 

2-0 

10 

31 

— 

30 

16 

— 

40 

12 

— 


Effect of Li (fill on Viscoxift/. 

In this experiment, a solution of cotton in cuprammonium was 
made in the presence of hydrogen, and the viscosity was measured. 
The solution was then exposed to light. The following determin¬ 
ations were made at intervals: 


initial viscosity. 

After exposure to bright sunlight for 10 

minutes. 

After a further 4J hours protected from 

light . 

After further exposure for 10 minutes .. .. 

1 ^ 

>» »» »» »*' ft .. •. 

.. „ „ 30 


1376. Water = 1. 


191 

186 

84 

56 

38 

27 


Ih'e of the Falling Sphere Viscosimeter for (Juprammonium 

Solutions. 

It appeared from the work with the hydrogen capillary viscosi¬ 
meter that the falling sphere viscosimeter (see preceding paper) 
could be adapted for use with cuprammonium solutions of cellu¬ 
lose. It was necessary to use a narrower tube, 1 cm. in diameter, 
owing tp the deep blue colour of the solution^ Qth^^rw^s^ the 
standard apparatus previously described was used. 
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As more viscous solutions could be dealt with advantageously, 
2 cent, solutions of cellulose in cuprammonium were used. 

It was necessary to avoid contact with air during the solution 
of the cellulose. This is effected by placing 100 c.c. of cupr- 
ammonium solution with eight or nine glass beads in a stout, 
brown glass bottle of 150 c.c. capacity, and adding the weighed 
quantity of cotton. The bottle is then closed at once with an 
indiarubber stopper, through which a short capillary tube passes, 
one end being flush with the bottom of the stopper, the other end 
being connected by a short length of indiarubber tubing providefl 
with a screw clip, to a second and similar bottle. The latter is 
closed with a rubber stopper through which pass two short glass 
tubes, one provided with a glass tap connecting it to the first 
bottle, the other connecting it by means of a short })iece of pressure¬ 
tubing provided with a screw clip to the water-pump. 

The connexion between the first and second bottle is closed by 
means of the tap, and the second bottle is exhausted by the 
pump; the screw cli}) between the second bottle and the pump is 
then closed and the glass tap is suddenly opened, when the rapid 
suction of air from the first bottle into the second causes bubbles 
to rise from the cuprammonium solution and to displace the air. 
This operation is repeat-ed three times. The use of the second 
bottle ensures efficient and standard exhaustion of air without 
undue loss of ammonia. The screw clip attached to the first 
bottle, hitherto open, is now closed as tightly as possible, the bottle 
is detached, and immediately shaken vigorously for five minutes. 
The bottle is then immersed in a covered bath of water at 20° for 
eighteen to twenty-four hours with occasional shaking. The 
viscosimeter tube is filled from the bottle without access of air 
in the following manner. When solution is complete, the stopper 
is removed from the bottle without disturbing the liquid, and is 
replaced by a rubber stopper carrying a short inlet tube reach¬ 
ing to 1 cm. from the bottom of the bottle, and an outlet tube, 
diameter 5 mm., flush with the bottom of the stopper and about 
50 cm. long, the inner end of which is capped by a cover of fine- 
meshed copper gauze. The viscosimeter tube, exactly 1 cm. 
diameter, is slipped over the long outlet tube, and the bottle is 
then inverted without shaking the liquid. The solution flows down 
into the viscosimeter tube, and, as the latter fills, the outlet tube 
is raised, but not above the surface of the liquid, care being taken 
to avoid air bubbles. With highly viscous solutions the flow is 
accelerated by the application of compressed air to the inlet tube 
of the bottle. When the tube is filled to within 3 cm. of the top 
the bottle is removed. The filled viscosimeter tnbe is then fitted 
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with a rubber stopper carrying a releasing tube for the steel balls, 
which should be exactly central. The viscosimeter tube is then 
placed in a vertical position in the water-bath at 20°, and the 
determination made by measuring the time of fall of a 0T6 cm. 
steel ball through 16 cm. With this method of filling, the 
measurement is made through solution which has not been exposed 
to air. 


Calculation of Absolute Viscosity. 


If the mean time of fall of the ball through 15 cm. is t, the 
absolute viscosity, r;, is given by 

t; = 0-42^, 

the constant 0 42 including the correction factors. These are 
determined by calibration with castor oil of known viscosity, thus: 
Density of cellulose .solution, 0*95; viscosity of standard sample 
of castor oil, 9*888, D 0*96; time of fkll of ball through 15 cm. 
in 1-cm. tube, 23*4 sec. 


Constant = !? «= 

t t^(S - CTi) 


9-888 X 6*7 
23*4x6-69 


0*423. 


Study of the Cujframmoniujn Solntiop^ for Cellulose. 

» Although the main difficulties in the way of trustworthy deter¬ 
minations of the viscosity of solutions of cellulose in cuprammonium 
disappeared when the precautions used to avoid the action of light 
and air had been adopted, minor irregularities were still some¬ 
times obtained, and as Ost's method for the preparation of the 
cuprammonium solution was being followed, this was eventually 
suspected as the cause of trouble. It was noticed that whilst 
duplicate experiments carried out on the same day gave results 
which were quite concordant, irregular results were obtained when 
an interval of some weeks was allowed to elapse before the dupli¬ 
cate experiment was carried out. A few extreme results may be 
given to indicate the nature of the discrepancies. 


Cotton-4. Viscosity in Ost's solution . 2*22 

Viscosity 3 weeks later. 1*60 

Viscosity 6 weeks later. 1*72 

Cotton B. Viscosity in Ost’s solution . 1»23 

Viscosity 0 weeks later. 1*60 


The analysis of various solutions showed that the variations in 
copper content were somewhat larger than would be expected from 
the examples given by Ost. 
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The extreme figures were: 


Copper, 

grams per litre. 


16*1 

11*6 


Ammonia, 
grams per litre. 


196*4 

226*2 


When the copper and ammonia contents were intentionally 
varied widely, it was found that the viscosity of a sample of cotton 
was affected as follows: 


Composition of solution, 
grams per litre. 

Viscosity 

Cu, 

NHa. 

of cotton. 

8*47 

266*9 

1*64 

16*33 

202*9 

2*62' 

22*84 

176*1 

3*54 

28*40 

129*7 

6*44 


In the preparation of Ost's solution, besides the apple-green 
basic copper sulphate, two distinct precipitates are obtained, one 
])ale blue and the other dark blue. Addition of water to the 
solutions containing these precipitates caused the dark blue needles 
gradually to dissolve, but left the pale blue precipitate undissolved. 

The solutions were found to contain sulphate in quantities which 
increased as the concentration of the ammonia decreased. The 
dark blue needles, described by Ost as cuprammonium hydroxide, 
had the same crystalline form as tetrammine copper sulphate 
(Found: Cu- 25*84; 804-37*7. Calc.: Cu-25*86; SO 4 - 39 I 
]>er cent.). The pale blue precipitate was free from sulphate and 
was apparently copper hydroxide. 

The precipitate of basic copper sulphate used by Ost to prepare 
his solution therefore appears to dissolve in ammonia as cupr¬ 
ammonium hydroxide and as tetrammine copper sulphate, any 
excess being left as tetrammine copper sulphate crystals and copper 
hydroxide. 

To obtain further information, the solubilities of tetrammine 
copper sulphate in ammonia and copper hydroxide in ammonia 
were determined, with the following results. 


Soluhility of Tetrammine Copper Sulphate at 15^ in Ammonia. 


Cu, grams per litre. 
0*43 
M3 
2*37 
3*46 
6*16 
7*66 

nil 


NHj, grams per litre. 
234*1 
222*1 
192*9 
176*« 

163*7 

145*3 

134*0 
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The solubility of copper hydroxide in ammonia has been 
previously determined by Bonsdorff (^Zeiiscli, anorg, Chem., 1904, 
41 , 132) and Dawson (T., 1909, 95 , 370). In our work, the copper 
hydroxide was prepared by triturating basic copper sulphate with 
sodium hydroxide, as described by Dawson. 


Sohvhilitg of Copper Hydroxide in, Ximnitnui. 


Solution Cu, grams per litre. N Hg, grams per litre. 

A, 11-8 195-3 

Ist dilution. 11-6 150-5 

2nd „ 11-0 132 5 

3rd „ 10-4 119-r. 

4th „ 8-9 99-1 

5th „ 7-4 85-1 

6th „ 6-4 72-8 

7th .. 5-2 63-7 

8th ,, 4-6 56-4 

9th „ 2-9 38-0 

10th „ 1-3 22-5 

B. 12-2 205-2 

1st dilution. 12-1 176-4 

2nd .. 11-6 147-2 

3rd „ 9-6 112-8 

4th „ 7-8 95-9 

5th „ 6-4 77-7 

6th „ 5-2 60-8 

7th .. 4-0 46-2 


The solubility of tetrarnmine copper sulphate in ammonia is a 
definite figure, since this substance is a definite crystalline com¬ 
pound, but the solubility of copper hydroxide seems to depend on 
the method of preparation adopted, and unless great precautions 
are taken, slight variations may be obtained even when one method 
of preparation is used, giving slightly variable solubility figures. 

If the basic copper sulphate obtained by Ost's method behaves, 
on treatment with ammonia, as tetrarnmine copper sulphate and 
copper hydroxide, there will be a definite solubility of the tetr- 
ammine copper sulphate in ammonia of any particular strength 
and a solubility of copper hydroxide, which may vary owing to 
variations in the conditions of preparation of the basic copper 
sulphate. The use of an excess of basic copper sulphate should, 
therefore, give a solution in ammonia saturated with respect to 
tetrarnmine copper sulphate and with respect to copper hydroxide. 

This was tested quantitatively in the following manner. A 
large excess of basic copper sulphate obtained by Ost's method was 
added to ammonia (D 0'880), and the whole kept in a thermostat 
at 15® in a tightly stoppered bottle for twenty-four hours and well 
shaken at intervals. The content of copper and ammonia in solu¬ 
tion was then estimated. Additions of distilled water were then 
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made, and after each addition the solution was shaken at 15° for 
twenty-four hours before estimating the cx)pper and ammonia 
again. Two sets of experiments were carried out, and the results 
were as follows: 


Solution. Cu, grams per litre. NH3,grams per litie. 

Original No. 1 . 11*0 267-1 

After 1st dilution. ll-S 247*5 

„ 2nd 12-6 237-2 

„ 3rd „ 13-3 228-4 

4th „ 15-7 207-0 

„ .5th 17-8 192-2 

.. 6th . 19-4 182-0 

„ 7th .. 2.3*3 145-6 

„ 8th „ 26-4 129-7 

Original No. 2. 11-3 237-8 

After Ist dilution. 13-5 218-0 

„ 2nd „ 14-6 206-7 

„ 3rd „ 16-7 194*4 

„ 4th „ 17-4 181-5 

„ 5th „ 17-6 171-7 


The results obtaine<l are not quite coincident, indicating the 
existence of different modifications of the basic copper salt, but 
the differences are scarcely larger than those obtained in the deter¬ 
mination of the solubility of copper hydroxide in ammonia. This 
experiment confirms the impossibility of obtaining constant solu¬ 
tions by Ost's method, owing to the variation in solubility of 
copper hydroxide in ammonia. 

If the solubility curves of basic sulphate, tetrammine copper 
sulphate, and cupric hydroxide are considered together, it will be 
seen (Fig. 3) that the solubility curve for basic copper sulphate 
represents a solution saturated with both tetrammine copper 
sulphate and copper hydroxide, the solubility being the sum of 
the solubility of tetrammine copper sulphate and of the solubility 
of some modification of copper hydroxide, as the general form of 
the curve and the value of the solubility found is consistent with 
this view. 

The study of Ost’s cupranimonium solution described above 
rendered it evident that the precise adjustment of this solution to 
definite concentration of copper and ammonia would be difficult, 
and as it was apparent that the value of the viscosity obtained 
for a sample of cotton depended to an appreciable extent on the 
concentration of ammonia and copper in the solution, Ost’s method 
of preparation of the solution was abandoned. 

Since copper hydroxide prepared by Dawson’s method showed a 
fairly definite solubility in ammonia, an unsaturated solution of 
this form of copper hydroxide was chosen as the standard cupr- 
ammonium solution. 
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The method adopted was the following. Sixty grains of copper 
sulphate are dissolved in 1 litre of hot water, a few drops of 
sulphuric acid added, the solution is allowed to cool to 50®, and 
ammonia (D 0*880) added until the precipitation of basic copper 
sulphate is complete, any excess of ammonia being neutralised 
with a few drops of sulphuric acid. The precipitated basic 
sulphate is allowed to settle, and the supernatant liquid decanted. 

Fig. 3. 

Solvbilitie» in ammonia at 15“. 



The precipitate is washed by decantation with hot water, 200 c.c. 
of 20 per cent, sodium hydroxide solution are added, and the 
whole is well shahen at the ordinary temperature. The precipi¬ 
tate is converted into blue cupric hydroxide, which is then allowed 
to settle, the supernatant liquid decanted, and the precipitate 
washed by decantation with cold water until the filtrate is free 
from alkali and sulphate. The precdpitate is then collected, 
washed with distilled water, and dried on a porous plate at 40®. 
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The dried cupric hydroxide is transferred to an aspirator bottkv 
and 800 c.c. of ammonia, containing 200—210 grams of ammonia 
per litre, are added. The whole is well shaken and the excess 
of cupric hydroxide allowed to settle. The supernatant liquid is 
run off through a glass wool filter and the volume measured. 
The copper in the solution is determined, and the theoretical 
quantity of ammonia is added to give a solution containing 
11 grams of copper and 200—210 grams of ammonia per litre. 

The composition of the finished solution is finally checked by 
analysis. 

Trouble may be experienced in preparing this solution unless 
the conditions laid down are strictly maintained. 

This work was carried out at the Research Department, Royal 
Arsenal, Woolwich, and is ])ublished by permission of the Director 
of Artillery, War Office, to whom our thanks are due. We also 
desire to express our thanks to Lieut.-Colonel R. A. Craig, 
C.M.G., and to Sir Robert Robertson, F.R.S., for the 

interest they have shown in this work. 

Research Department, 

Royal Arsenal, 

Woolwich. [Recewed, March \0th, 1920.1 


LITI .—The Influence of the Solvent on the Velocity of 
Reaction hetiveen certain Alkyl Iodides and Sodium 
ld-Naj)hthoxide. 

By Henry Edward Cox. 

From the literature relating to the influence of the solvent on 
velocity of reaction, it is apparent that no satisfactory connexion 
l^etween the physical or chemical properties of the solvent and it-s 
effect on velocity-constants has yet been deduced. Theories which 
are in agreement with the observations in one reaction are found 
to be quite at variance with facts when the same solvents are 
examined in relation to another reaction. 

The most obvious supposition, based on the Nernst-Thomson 
rule, that the velocity would be greatest in solvents of highest 
dielectric constant, is satisfactory in the case of certain reactions 
investigated by Menschutkin {Zeitsch, physikaL Chtm., 1887, 1, 
611; 1890, 6 , 41), but it is quite useless in the case of a large 
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nuitiber of other reactions, even those in which the reaction is 
probably between ions. 

A comprehensive theory by van’t Hoff (‘* Vorlesungen,” 1901, 1, 
214), in which the action of the solvent is attributed to- displace¬ 
ment of the equilibrium of the reacting system—depending on 
solubility relations—and a possible specific effect, has been found 
to be ill accord with the facts in certain isomeric changes investi¬ 
gated by Dimroth (^AnnaleM^ 1910, 377, 127), but attempts to 
apply it to other reactions fail. It is therefore evident that specific 
catalytic effects quite outweigh the effects of displacement of 
equilibrium. 

There is also no evidence that viscosity of the solvent has any 
great influence on the velocity-constants; experiments by 
Reformatsky (Zeitsch. Chem.^ 1891, 7, 34) and others 

show that velocity is not decreased by increasing viscosity. 

The only generalisation that appears to be supported by moat of 
the available data is that of Patterson and Montgomerie (T., 1912, 
101, 26, 2100), who state that “it appears that solvents influence 
quite different reactions in a uniform manner; although the mani¬ 
festation of this effect may be of an opposite character, a given set 
of solvents may hasten a particular reaction in a certain sequence, 
whilst in the same, or nearly the same, sequence they retard another 
reaction. The })roperty or properties which bring this abont are 
probably the same throughout.” 

Several examples of this are to be found in the literature, and 
some are quoted by Patterson and Montgomerie. It is considered 
by several authorities that in many or all cases some combination 
occurs between solvent and solute, with the formation of additive 
compounds of an unstable kind. On the radiation theory (compare 
Baly, “Spectroscopy,” 1918, 491), this gives rise to a field of force 
in the surrounding ether, which is opened by the absorbable 
radiation, with consequent increase in chemical activity. 

On these views, it is not unreasonable to expect that there might 
be some connexion between the chemical constitution of a solvent 
and its effect on the velocity of any particular reaction. It is 
therefore of interest to examine the influence of a series of related 
solvents in the hope of tracing some connexion between the con¬ 
stitution and the effect^ on the velocity. For the particular reac¬ 
tions here discussed, the alcohols form a convenient series from 
considerations of solubility. 

The velocity-constants of the reactions between methyl, ethyl, 
and /i-propyl iodides and sodium ^S-naphthoxide have therefore been 
measured in the following fifteen alcohols: methyl, ethyl, n- and 
i 80 -propyl, mo-, sec.^y and -butyl, mo-, sec.-y and tert,- 
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amyl, allyl and benzyl alcohols, and ethylene glycol (as an example 
of a dihydric alcohol). The influence of concentration has been 
measured in four of them, and the effect of water has been studied. 
The alcohols afforded opportunity of observing the effect of struc¬ 
ture in the different isomerides as well as the regular effect of 
increasing molecular weight in a homologous series. No com¬ 
plication arises except the possible alcoholysis discussed below and 
the increasing constant in the case of tert.-Q,my\ alcohol. Sodium 
)3-naphthoxide is readily soluble in the alcohols, but it is only very 
sparingly so in neutral or acidic solvents of the associating tyj)e. 
No results appear on record for a series of alcohols or other homo¬ 
logous series, although a number of observations are recorde<l on 
ethyl, methyl; ?,vobutyl. and benzyl alcohols; these are often in 
the same increasing or decreasing order as stated by Patterson and 
Montgomerie. 

Some account of the reaction Ijetween the alkyl iodides and 
sodium naphthoxides has been given in previous papers (T., 1918, 
113, 666, 821), and it has been shown that the reactions are 
bimolecular, but that the constant is de])endent on the initial con¬ 
centration. In a series of solvents here described, the reaction has 
been found to be regular in all cases, and satisfactory values of the 
velocity-constant are obtained. 

In -butyl and /^^7*/.-amyl alcohols, however, there is a gradual 
increase in the value of /• for methyl iodide as the reaction pro¬ 
ceeds, so that it is necessary to measure only a small part of the 
reaction to obtain a satisfactory constant. This is apparently due 
to the low solubility of the products of the reaction, which are 
precipitated after a short time, the velocity of reaction then 
increasing. 

Experimental. 

The Tnfuenve of the Solvent on the l^eloritf/ of Reaction at 5(> 5‘^. 

The method of preparation of sodium /3-naphthoxide given in the 
])revious paper has been improved. Sodium is dissolved in recently 
boiled absolute alcohol, the calculated quantity of dry /3-naphthol 
added, and the solution evaporated to dryness in a vacuum. The 
product is dissolved in the smallest possible quantity of boiling 
acetone; the flask is corked while the solution is still boiling, and 
immediately cooled; tlie salt then crystallises in minute lamella^ 
(Cj(,H 70 Na,C 3 H(; 0 ), and is filtered rapidly, washed with cold 
acetone, then dried at 150° in a current of hydrogen. Sodium 
j8-naphthoxide obtained in this way is quite white. 

The method of measuring the velocity was the same as before, 
apecial pipettes being made to work with very small quantities of 
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the more expensive solvents. In each experiment the initial con¬ 
centration is N with respect to naphthoxide and iodide, and the 
temperature is 50*5°. 

The values of k are in good agreement in each experiment, and 
in many cases duplicate determinations have been made. For 
economy of space, only a few typical experiments will be given in 
full, and the other results summarised. The unit of time is one 
minute and of concentration one gram-molecule per litre. 


Nckrmal Frimary AlcohaU, 

Methyl, ethyl, and w-propyl alcohols were in each case dehydrated 
over calcium oxide and calcium, and finally distilled froin fresh 
calcium turnings. n-Butyl alcohol was fractionated several times 
from fermentationbutyl alcohol, then dehydrated with 
potassium carbonate and, finally, quicklime, and again fractionated. 
It boiled at 116-mm. //-Amyl alcohol was from 
Kahlbaum. 



n-Propyl Alcohol. 

n-Butyl Alcohol. 

iV-Ethyl iodide; .^-Naphthoxide. 

N-Methyl iodide; 

JV-Naphthoxide 

0*500 G.c. titrations, 

N/26-HC1. 

0*500 C.c. titrations, N/25-H01. 

L 

a—a;. 

k. 

t. 

a—x. 

k. 

0 

11*70 

— 

0 

10*66 

— 

9 

10*56 

0*0129 

3 

9*40 

0*0620 

16 

9*80 

0*0127 

6 

8*40 

0*0524 

24 

9*10 

0*0127 

9 

7*60 

0-0623 

32 

8*40 

0*0131 

12 

6*85 

0*0542 

41 

7*96 

0*0123 

15 

6*36 

0*0630 


Mean . 

... 0*0127 

Mean . 

. 0*0528. 


(Duplicate ... 

... 0*0129). 






Table I. 





Summary of Results. 





Methyl 

Ethyl 


n-Propyl 

Solvent. 

iodide. 

iodide. 


iodide. 

Methyl alcohol . 

0*0459 

0*0130 


0*00567 

Ethyl alcohol . 

0*0941 

0*0212 


0*00859 

n-Propyl alcohol . 

0*0648 

0*0127 


0*00507 

n-Butyl alcohol . 

0*0528 

0*0107 


0*00379 

n-Amyl alcohol. 

0*0298 

0*00618 


0*00194 


On consideration of the above results for normal alcohols, it is 
apparent that, with the exception of methyl alcohol, which is 
subnormal, there is .a gradual and fairly regular decrease in the 
value of k with increasing molecular weight; this is well shown on 
plotting a curve, velocity-constant-molecular weight (see Fig. 1). 
This suggests that the influence is partly additive as well as 4 
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constitutive property, as the addition of a CH 2 -group has a regular 
retarding action, which somewhat diminishes as the series is 
ascended. 

There is a striking similarity in this curve to that of Burke and 
Donnan (T., 1904 , 86, 55.5), who, in their investigation of the 
reaction between silver nitrate and alkyl iodides, found a similar 
effect of the methyl group in the activity of the iodides, and this 
goes to show that methyl alcohol is subnormal in its action as 
solvent; its normal position should be far above ethyl alcohol 
(compare the curves given for Menschutkin’s and Hecht and 
C^onrad s data by Segaller, T., 1913, 103, 1154). 

It may be remarked that in a large number of reactions recorded 
the velocity in ethyl is greater than in methyl alcohol, and the 
opinion is expressed by Senter (T., 1916, 109, 686 ) that, in general, 
reactions should be faster in methyl alcohol, which he attributes 
to the higher viscosity of ethyl alcohol. 

In a number of other reactions, however, methyl alcohol is the 
more favourable medium, and the above results suggest that this 
subnormal activity in certain reactions may be one of the fre- 
qtiently observed irregularities of the first member of a homologous 
series. Sodium ethoxide, pheiioxide, and a- and /3-naphthoxides 
all react more rapidly in ethyl alcohol. 

Although the influence of these solvents is similar in each case, 
there are minor differences; thus, it appears from the following 
tables of the relative values in the solvents that the three iodides 
are not affected equally; ethyl and r/-propyl iodides are more 
affected than is methyl iodide. 

This is shown in table II by expressing the velocities in terms 
of the velocity in //-amyl alcohol. 


Table II. 


Methyl 


Solvent. iodide. 

Methyl alcohol . 1*54 

Ethyl alcohol . 3*16 

n-Propyl alcohol . 2*16 

n-Butyl alcohol . 1-77 

w-Amyl alcohol . 1*00 


The differences become more 
dealt with in this paper. 


Ethyl 

-Propyl 

iodide. 

iodide. 

2-51 

2-92 

4-00 

4*43 

2-45 

2*61 

206 

1-9.5 

100 

l-OO 


in some of the other solvents 


iso-, sec.-, and ieri,-Alcohols. 

f^oPropyl, ^rc.-amyl (methylpropylcarbinol), and (rr^-butyl 
alcohols were Kahlbaum's preparations dehydrated over quicklime. 
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is-oButyl alcohal was fractionated from the commercial product 
and boiled at 107*5—109®; ^f^-c.-butyl alcohol was prepared by a 
Grignard reagent and boiled at 99-5—100*5®. woAmyl alcohol 
was purified from /?er.-butylcarbinol by preparing potassium amyl 
sulphate and crystallising; after dehydrating, it distilled at 
■131—132®, and had [a]}f less than 0*5®. tert.-Amy\ alcohol was 
prepared by Adams, Kamm, and Marvels method (/. Avier, 
Chem. Sac., 1918, 40 , 1950), and boiled at 102--103® 

The results of the velocity experiments are all in satisfactory 
agreement, as illustrated below, with the exception that, in fert.- 
butyl and /c;*^-ainyl alcohols, methyl iodide shows a gradual 
increase, due, apparently, to insolubility of the naphthyl methyl 
ether; these figures are given in the examples below: 


sec.-Propyl Alcohol, 

A^-Propyl iodide; N-Naphthoxide. 
0-500 C.o. titrations, JV/25-HC1. 

t a—x, k, 

0 12-00 — 

21 10-65 0-00629 

34 9-95 0-00631 

51 9-25 0-00607 

64 8-70 0-00617 

75 8-30 0-00619 

Mean k . 0-00621 


Methyl pojyyl carbinol. 

iV-Methyl iodide; iV-Naphthoxido 
0-112 C.c. titrations, A/lOO-HCl. 


t. 

a—x. 

k. 

0 

10-50 

— 

2 

9-90 

0-0323 

5 

9-15 

0-0315 

8 

8-50 

0-0314 

11 

7-65 

0-0361 

14 

7-20 

0-0349 


Moan k . 

.. 0.0332 


tert. -Bn tyl AIcoh ol. 

iV Mothyl iodide ; ^-Naphthoxide. 
0-112 C.c. titrations, JV/lOO-HCl. 


t 

a—x. 

k. 

0 

10-40 

— 

3 

9-50 

0-0341 

7 

8-65 

0-0311 

9 

7-85 

0-0389 

12 

6-85 

[0-0465] 

omitted. 

0 

10-45 

— 

5 

9-20 

0-0325 

8 

8-40 

0-0365 

10 

8-00 

0-0366 


Mean k . 

. 0-0352 


' t e rt. - A w yl . 1 1 coh ol . 

-V-Methyl iodide ; iV-Naphtlioxido. 
j l-OO C.c. titrations, .V/25-HCI. 


L 

o—a;. 

k. 

0 

24-60 

— 

20 

20-20 

0-0109 

27 

19-05 

0-0108 

34 

17-50 

0-0120 

40 

16-70 

0-0119 


Moan k . 

.. 0-0114. 


The results obtained in these alcohols are summarised below. 
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Table III. 

Methyl 

Ethyl 

Propyl 

Solvent. 

iodide. 

iodide. 

iodide. 

^^oPropyl Alcohol 

00975 

0*0177 

0*00621 

twButyl „ 

00635 

0*0113 

0*00374 

-Butyl ,, 

_ 0*0571 

0*0107 

0*00370 

-Butyl „ 

_ 0*0350 

0*00501 

0*00149 

i^oAmyl „ 

_ 0*0392 

0*00649 

0*00199 

.vrr.-Amyl „ 

_ 0*0332 

0*00461 

0*00167 

trrt.-Amyl „ 

_ 0*0114 

0*00155 

0000525 


These results show the same diminution of the velocity-constant 
as the series is ascended in the same class of alcohol; thus, the 
velocity decreases regularly in the series /-'foprapyl, ^-obutyl, 
/.s’oamyl, similarly with the series of secondary and tertiary 
alcohols. 

This is clearly seen in Fig. 1, which shows the /.s’o-alcohols; the 
effect of increasing molecular weight is very similar in the four 
classes of alcohols. It is also apparent from the table of results 
or the figures that the ?.vo-alcohols are in each case more favour¬ 
able media than their normal isomerides; similarly, the secondary 
alcohols are more favourable solvents than the tertiary alcohol of 
the same molecular weight, but are slightly less active than the 
corresponding ?lvr>-alcohol. For a given molecular weight, there¬ 
fore, the order of decreasing activity is: secondary, normal, 

tertiary. Thus, with methyl iodide the figures are: 


Butyl alcohol . 0 06:15 

.vrc.-Butyl alcohol. 0 0571 

a-Butyl alcohol. 0-0528 

trrt.-Butyl alcohol. O O.'loO 


/’.vo.^inyl alcohol . 0 0:102 

,sYr.-Ainyl alcohol. 0-0:i:i2 

a-Amy I alcohol . 0 0298 

trr^.-Amyl alcohol. 0 0114 


(In the reaction with ethyl and /?-propyl iodides the figures are 
very near together in the amyl alcohols, and there appears to be 
a small divergence from this order.) 

In connexion with these results, the following points may be 
noted. In all three classes of alcohols, the increasing number of 
carbon atoms in a straight chain decreases the activity as solvent; 
a branching chain in the ])rimary alcohols produces a distinct rise 
in activity, so much so that the constant approximates to that of 
the next higher normal primary alcohol. The introduction of a 
methyl group into the carbinol group produces, first, a rise 
(secondary alcohols) and then a larger fall (tertiary alcohols). 

It may be remarked that these observations are in the opposite 
order to the activity of the corresponding alkyl iodides as measured 
by velocity of etherification with sodium })henoxide (Segaller, /oc. 
cif .)y it having been found that iso- and ifcc.-alkyl iodides are less 
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reactive than the normal isomerides, and tertiary iodides much 
more reactive. 

A llyl and Benzyl A leohoh and Ethylene Glycol. 

These alcohols have been included specially to observe the effect 
of unsaturation, a benzene ring, and a second hydroxyl group 
respectively. The reaction in these solvents is quite normal. 


Fia. 1. 



MoUcviar weight. 

Normal and ieo^aleohaU. 

On account of the high viscosity of glycol, a siiecial pipette was 
calibrated with no constriction at the outlet; it was rinsed out 
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each, time with water; in this way, the quantity delivered is satis¬ 
factorily constant. 

Allyl alcohol was distilled from calcium oxide immediately before 
use (b. p. 94—96°). Benzyl alcohol was the commercial product 
redistilled three times (b. p. 205*5°), and ethylene glycol was pre¬ 
pared in the usual way from ethylene dibromide; it boiled at 197°. 
The experimental data are exemplifiefl by the reaction with ethyl 
iodide in glycol: 


A^-Ethyl iodide. 

.^-Naphthoxide. 

129 C.c. 

titrations. 

V/lOO-HCl. 

i. 

a — x. 

k. 

0 

12*40 

— 

16 

10*25 

0*0145 

23 

9*45 

0*0141 

30 

8*90 

0*0136 

40 

800 

0*0143 


Mean k .. 

. 0*0141 


In the case of methyl and ethyl iodides, the mixture is homo¬ 
geneous up to about one-half the reaction, after which time the 
ether begins to separate out. With propyl iodide, the reaction 
proceeds to about two-thirds before separation of the products. 

Table IV. 

Summary of Remits in these Solvents. 

Methyl Ethyl Propyl 


Solvent. iodide. iodide. iodide. 

AUyl alcohol. 0 0381 0 00662 0 00195 

Benzyl alcohol . 0 0367 0 00781 0 00242 

Ethylehe glycol. 0*0678 0*0141 0*00431 


It is remarkable that the velocity-constants are of similar magni¬ 
tude in three such different solvents; the figures are quite com¬ 
parable with propyl and amyl alcohols, already discussed. 

Allyl alcohol was specially selected because of its well-known 
similarity in physical properties to 7i--propyl alcohol, and the fact 
that the constants are distinctly different (about one-half) from 
those in the latter solvent is very suggestive that the solvent 
influence is largely chemical rather than physical; the boiling 
]>oint, dielectric constant, and refractive index (which is important 
from the point of view of the radiation hypothesis) are almost 
identical, yet the introduction of a double bond makes more differ¬ 
ence in the velocity than there is between n- and wo-propyl 
alcohols. This supports the idea that the solvent participates in a 
chemical reaction. 

A comparison of the figures for benzyl alcohol brings out the 
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fact that the velocity-reducing effect of a number of carbon atoms 
when in the form of the benzene ring is less than that of a similar 
number in a straight chain, for the value of k is somewhat higher 
than that o-f /^-arnyl alcohol with four carbon atoms attached in 
a chain to the carbinol group. It may be remarked, too, that in 
much work in which benzyl alcohol has figured it is a more favour¬ 
able medium than some of the aliphatic alcohols, notably i^foamyl 
alcohol. 

Ethylene glycol illustrates the effect of a second hydroxyl group; 
on comparing it with ethyl alcohol, it is seen that the exchange 
of hydrogen for hydroxyl considerably reduces the activity of the 
solvent, and its effect is not much different from r^-propyl alcohol, 
so that the introduction of a hydroxyl group is similar in result 
to the introduction of another CH 2 -group. 

There is, however, nothing to show the influence of solubility, 
which is so different in glycol and ethyl alcohol. 

Infuence of Water an the Velaritt/ of Re act ion. 

Water should take the first place in a list of alcohols, but it is 
not possible to measure the velocity of these reactions in it, because 
the alkyl iodides are not sufficiently soluble, but the effect of water 
on the velocity has been found to be very considerable in many 
reactions. For this reason, the effect of water on the velocity of 
the reaction with ethyl iodide in ethyl alcohol has l>een investigates!, 
with the following results: 


Table V. 
Ethyl Alcohol. 


Perceatage by woigfit. 

k. 

100 

00212 

90 

00227 

80 

0 025.5 

70 

00241 

00 

00200 


In 50 per cent, alcohol, the naphthyl ethyl ether separates early 
in the reaction, and the velocity at once increases; below 50 per 
cent., the alkyl iodide is not soluble to iV-concentration. It is 
seen from these results that the addition of water at first accelerates 
the reaction, a maximum being reached in the vicinity of 80 per 
cent, alcohol; thereupon the further addition of water retards the 
velocity. 

It may be remarked that Miss Burke and Donnan made a similar 
observation with silver nitrate {ZtiUch. fhysikal. Uhem., 1909, 
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69, 163). No explanation has been suggested, but it is possible 
that side reactions take jdace in the case of aqueous-.alcoholi(.* 
sodium naj^hthoxide, as this substance* undergoes hydrolysis in 
water and probably alcoholysis in ethyl alcohol. 


The Irifluenre of ihe Solvent on the Relative Artivit// of the Alkyl 
Jo<li(leSj arul ComikvrUan of Sodium Rihoiide^ Rhenoxide, and 
N a phthoaide. 

The previous pages show that there is no inversion of the order 
of activity of the three alkyl iodides by influence of the solvent, 
))ut it is noticeable that the order of the activity of the solvents 
is not quite the same. Table VI shows the relative activity in 
the above solvents in terms of the slowest (namely, teit.-dLmy\ 
alcohol), and columns 4, 5, and 6 show the relative activity of the 
three iodides in each solvent in terms of propyl iodide in that 
solvent. For example, it is seen that methyl iodide is from eight 
to twenty-four times as reactive as propyl iodide, according to the 
solvent, and the influence of the solvent is greater on propyl iodide 
than on methyl iodide. 


Table VI. 


Solvent. 

Methyl 

iodide. 

Ethyl 

iodide. 

Propyl 

iodide. 

Methyl 

iodide. 

Ethyl 

iodide. 

Propyl 

iodide. 

iwPropyl alcohol 

_ 8-55 

11-41 

11-84 

15-70 

2-85 

1-00 

Ethyl 

>> 

_ 8-25 

13-69 

16-38 

10-95 

2-47 

1-00 

n-Propyl 


.... 5-64 

8-20 

9-66 

12-68 

2-50 

1-00 

t«oButyl 

f 9 

_ 5-67 

7-30 

7-13 

16-96 

3-02 

1-00 

Cllycol 


_ 507 

9-10 

8-21 

13-41 

3-27 

1-00 

«ec.-Butyl 


_ 501 

6-90 

7-05 

16-45 

2-90 

1-00 

n-Butyl 

>> 

_ 4-63 

6-90 

7-22 

13-93 

2-82 

1-00 

Methyl 


.... 402 

8-39 

10-80 

8-13 

2-29 

1-00 

f«oAmyl 


_ 3-44 

4-18 

3-79 

19-70 

3-26 

1-00 

Allyl 


_ 3-34 

3-63 

3-72 

19-54 

2-88 

1-00 

Benzyl 


_ 313 

5-04 

4-61 

14-75 

3-23 

1-00 

tnL-Butyl 


_ 307 

3-23 

2-84 

23-49 

3-36 

1-00 

ate, - Arnyl 

f > 

_ 2-91 

2-98 

3-18 

19-88 

2-76 

1-00 

n-Ainyl 


_ 2-62 

3-34 

3-70 

15-37 

2-67 

1-00 

h/ L-Amyl 


.... LOG 

1-00 

1-00 

21-71 

2-95 

1-00 


In ethyl alcohol as solvent, it is possible to compare the activity 
of sodium ethoxide, phenoxide, and naphthoxide, as these have all 
l>een measured with the alkyl iodides (Hecht Conrad and 
Bruckner, and Segaller); the figures for ethoxide and phenoxide 
are calculated fro-m the data of these authors. At 42*5°, the 
relative activity of iS-naphthoxide as compared with phenoxide is: 


Methyl iodide ... 1*4 

Ethyi „ 1-4 

Propyl „ 1-6 
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which shows that the relative activity of these bases is constant and 
independent of the iodide with which it is measured. The follow¬ 
ing figures show that when ethoxide is compared with phenoxide 
and naphthoxide, the activity is not independent of the iodide. 

Ethoxide Ethoxide 


(t — 40 0°). ^-Naphthoxide ' Phenoxide* 

Methyl iodide . 5*3 7*4 

Ethyl . 1*9 2-7 

Propyl „ 1-5 2-2 


The Effect of Imiiol Concentration in Various Solvents. 

In the previous papers already referred to, it has been shown 
that the velocity of reaction of the alkyl iodides with sodium 
naphthoxide is dependent on the initial concentration of the base. 
In ethyl alcohol, the velocity has been shown to be decreased in 
accordance with Hecht and Conrad's equation, = -f «log v. 

The work ol Acree and his co-worker (see Shroder and Acree, 
T., 1914, 106, 2582) show& that sodiu/n ethoxide and phenoxide 
are very much ionised in alcoholic solution, and that both the ions 
and the molecules take part in the reaction with alkyl iodides, and 
that with different velocities. 

It is reasonable to suppose that a similar phenomenon takes 
place with naphthoxide (boiling-point determinations by the author 
show evidence of dissociation), which makes it probable that this 
increase is due to the increasing ionisation, and, consequently, 
increasing proportion of the reaction due to ions instead of mole¬ 
cules. It has also been shown that at higher dilutions the velocity- 
oonstant increases abnormally rapidly with methyl iodide in ethyl 
alcohol. 

A similar increase—first regular, then abnormal—is now observed 
in methyl alcohol, and it is convenient to discuss these two solvents 
separately, because in them the question of alcoholysis arises, and 

Table VII. 

Methyl Iodide and Sodmm Naphthoxide in Equivalent 
Concentration, t = 40*0*^. 


V. 

Jfc, (foxmd). 

k„ (calculated). 

1 

00164 

0*0164 

2 

— 

0*0171 

4 

00179 

0*0179 

8 

0*0183 

0*0186 

16 

0*0242 

0*0194 

32 

0*0313 

0*0201 

64 

0*0369 

** a ” « 0*0026. 

0*0209 






Velocity- 
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experiments have been made with a view to gain information on 
this point. The results obtained for the three iodides and sodium 
jS-naphthoxide in methyl alcohol are shown in tables VII and VIII 
and illustrated in Fig. 2. It will be seen that the same phenomena 
appear in both these solvents; the figures in ethyl alcohol have 
already been given (T., 1918, 113, 666). 



0-20 0-40 0-60 0-80 1 00 1-20 1-40 l-60' 1-80 

Log, F.” 

Sodium fi-naphthoxide and the alkyl iodides in methyl and ethyl alcohols. 




Table VIII. 



Ethpl Iodide. 

j Propyl Iodide, 

V, 

K (found). 

(calc.). 

Jfc, (found). 

(calc.), 

1 

0 00460 

000460 

000202 

000202 

4 

000293 

000496 

1 000233 

0*00238 

16 

0*00539 

000632 

000277 

000274 

32 

0 00661 

0*00660 

0*00299 

0*00292 



0 00060 

“ a ** = 

0*00060. 


VOL. OXVTI< 


V 
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The figures are very similar to those obtained for sodium 
a-naphthoxide; the latter, however, is slightly more reactive; 
thus, at iV'-concentration in methyl alcohol, kjk^ is: 


Methyl iodide. 1*00 

Ethyl iodide . 1*16 

Propyl iodide. 1*17 


The work of Acree and others in connexion with sodium ethoxide 
and phonoxide shows that the velocity increases with decreasing 
concentration, because the reaction is between ions and molecules 
of the base and the non-ionised alkyl iodide; the velocity of the 
ionic reaction is greater than that of the molecular reaction, so 
that as the ionisation increases with dilution, so does the velocity 
increase. Shroder and Acree show, in the paper already quoted, 
that the increase of ionisation is according to the empirical equation 
of Hecht and Conrad. 

In considering the cause of the abnormal increase in activity 
of methyl ^odide at higher dilutions in both methyl and ethyl 
alcohols, it is to be expected that if it were due to a property of 
the naphthoxide, it would appear also with the other alkyl iodides. 
Some evidence has been obtained which suggests that sodium 
j3-naphthoxide undergoes alcoholysis in dilute solution, and this 
hypothesis affords an explanation of the phenomena observed, but, 
owing to the experimental difficulty of detecting traces of ethyl 
ether in a complex alcoholic mixture, conclusive evidence has not 
been obtained. 

The formation of ether is possible in two ways: (1) by alcoholysis, 
in which case the reactions are: (a) CioH 7 *ONa-fEtOH ^ 
CioH 7 -OH + EtONa; (6) EtONa + EtIEt^O + Nal; (2) by 

alkylidene dissociation (alkylene dissociation is impossible with 
methyl iodide). 

The latter possibility (Nef, Amuderiy 1899, 309, 126) has been 
critically examined by Miss Burke and Donnan (T,, 1904, 86 , 
555), and shown to be unsatisfactory; also, if it occurred with 
naphthoxide, it would be expected with phenoxide, ethoxide, and 
other bases. 

The velocity of reaction between sodium ethoxide and the alkyl 
iodides is greater than that of sodium naphthoxide, so that if 
alcoholysis takes place, a higher value of k will be obtained at the 
commencement of a reaction than at the end, when the increasing 
concentration of free naphthol retards further alcoholysis. In 
this case, the effects would be expected in the case of each of the 
three alkyl iodides, but examination of the velocity-constants shows 
that a small amount of alcoholysis would not be detected in this 
way The following table shows the velocdty-constants of methyl, 
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ethyl, and propyl iodides with sodium ethoxide at 40*0° (solvent, 
ethyl alcohol), calculated from the data of Hecht, Conrad, and 
Bruckner {Zeitsch. physikaX. Chem., 1890, 6, 289). 


Table IX. 


Methyl iodide. Ethyl iodide. Propyl iodide. 



Ethoxide. 

Naphth¬ 

oxide. 

Ethoxide. 

Naphth¬ 

oxide. 

Ethoxide. 

Naphth¬ 

oxide. 

1 

0-188 

0-0356 

0-0148 

0-00790 

0-00483 

0-00316 

2 

0-214 

0-0406 

0-0176 

0-00991 

0-00597 

— 

5 

0-248 

0-0473 

0-0211 

0-0116 

0-00747 

0-00536 

10 

0-273 

0-0559 

0-0238 

0-0140 

0-00841 

0-00653 

20 

0-299 

0-0721 

0-0265 

0-0157 

0-00971 

0-00739 

40 

0-323 

— 

0-0292 

0-0170 

0-01089 

0-00852 


The constants for methyl iodide and ethoxide are five times 
greater than those of sodium jS-naphthoxide and the same iodide, 
but those with ethyl and propyl iodides with ethoxide are only 1*7 
and 1*5 times the corresponding figures with naphthoxide. As 
the values are so nearly the same with the latter iodides, it is clear 
that a very small amount of ethoxide produced by alcoholysis 
would produce so small a change in the value of k that its effect 
would not be observed. 

The following experiments show the effect of sodium ethoxide on 
the reaction; the amount added is larger than that likely to be 
produced by alcoholysis. 

Experiment 1.—Solvent, ethyl alcohol, f = 40*0°, A/8-methyl 
iodide, A/lO-aodium naphthoxide, A/40-8odium ethoxide. 

Experiment 2.—Solvent, ethyl alcohol, ^==40*0°, 3^/8-ethyl 
iodide, A/10-sodium naphthoxide, A/40-sodium ethoxide (these 
are equivalent to A/8-ethoxide and A/lO-jS-naphthol). Acid = 
A/25-HC1, 5*0 c.o. titrations. 


(. 

O —X. 

1. 

k. 

k\ 

t. 

a—X, 

2. 

k. 

k\ 

0 

16-26 

— 

— 

0 

15-65 

— 

— 

10 

13-76 

0-0894 

0-0894 

62 

13-75 

0-0170 

0-0170 

26 

12-10 

0-0864 

0-0826 

120 

12-60 

0-0164 

0-0157 

42 

11-00 

0-0792 

0-0689 

180 

11-40 

0-0163 

0-0161 

62 

9-86 

0-0726 

0-0604 

284 

9-96 

0-0159 

0-0164 

102 

8-60 

0-0638 

0-0503 

363 

9-05 

0-0169 

0-0168 

150 

7-30 

0-0595 

0-0503 

440 

8-35 

0-0158 

0-0161 





Mean. 

0-0162 



Experiment 3.—Solvent, methyl alcohol, ^ = 40*0°, A/8-methyl 
iodide, A/10-sodium naphthoxide, A/40-sodium methoxide. 
Aoid=A/30-HCl, 5*0 c.o. titrations. 

V 2 
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f. 

a—x. 

k. 

k\ 

0 

18-65 

— 

_ 

17 

17-40 

0-0286 

0-0286 

33 

16-60 

0-0288 

0-0288 

54 

15-65 

0-0276 

0-0261 

85 

14-60 

0-0266 

0-0246 

115 

13-66 

0-0262 

0-0214 

145 

12-90 

0-0245 

0-0212 


In these experiments, the figures in the fourth column are 
obtained by calculation from each pair of titrations; this shows 
the course of the reaction and the decrease in k more clearly than 
the figures in the third column, which are referred to Iq in the 
usual way. Experiments 1 and 3 show a similar course in both 
methyl and ethyl alcohols. At the commencement of the reaction, 
k is much increased (nearly doubled in ethyl alcohol), and rapidly 
diminishes as the free ethoxide is used up; then it falls to a value 
approximating that of A/lO-naphthoxide. In Experiment 2, the 
course of the reaction with ethyl iodide is seen; here the presence 
of ethoxide has no apprecable effect on the velocaty-constant after 
the first titration, and even in that the effect is not large. These 
experiments show that alcoholysis increases the mean velocity- 
constant with all the iodides, but that a small amount of alcoholysis 
does not show a marked diminution in ^ as a reaction process, 
and is so small that with the higher alkyl iodide its effect would 
be unnoticeable. It is therefore suggested that in dilute alcoholic 
solution, sodium naphthoxide undergoes alcoholysis to a small 
extent, and this occasions the observed increase with methyl iodide 
at high dilutions. 

Further experiments were made with the object of detecting 
ethyl ether in the products of the reactioh; in the author^s opinion 
ether was present, but owing to the experimental difficulty it has 
not been definitely proved. 

The influence of initial concentration has also been measured in 
isohutyl and benzyl alcohols. In theee solvents, the effect is very 
large; in the case of ethyl and propyl iodides, the velocity is nearly 
doubled by changing the initial concentration from N to A/8, yet, 
as will be seen from the examples already given, there is no 
important rise in the velocity-constant during any one experi¬ 
ment, although in many oases more than half the reaction was 
measured. It may be suggested that the negative catalytic effect 
of the product of the reaction may just balance the increasing 
velocity due to the decreasing concentration of the reacting 
substanoee. 

isoButyl and benzyl alcohols are much more associated sub- 
stances than methyl and ethyl alcohols, and it may be that the 
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reacting ions or molecules are associated with the solvent molecules. 
The experimental results are as follows. 


Table X. 



Methyl iodide. 

Ethyl iodide. 

Propyl iodide. 


f •" 

... ^ 



'' ' 


V. 

i«oButyl. 

Benzyl. 

isoButyl. 

Benzyl. 

t^oButyl. 

Benzyl. 

1 

00232 

0*0125 

0*00399 

0*00273 

0*00135 

0*000884 

4 

00263 

0*0212 

0*00615 

0*00393 

0*00245 

0*00216 

8 

00291 

0*0267 

0*00756 

0*00647 

0*00284 

0*00329 


In the light of Acree’s work, the fact that k changes with dilu¬ 
tion is strong evidence that the reaction in these solvents also is 
one between ions and molecules jointly. 


Summary. 

In the hoj)o of tracing some relation between the constitution 
of a solvent and its effect on the velocity of a particular reaction, 
the velocity of reaction between sodium jB-naphthoxide and methyl, 
ethyl, and 72-propyl iodides has been measured at 50*5^ in A-con- 
oentration in methyl, ethyl, n- and isopropyl, ri-, mo-, ,9ec.-, and 
.-butyl, n-y MO-, %ec,~y and ^cr^.-amyl, allyl, and benzyl alcohols, 
and ethylene glycol. 

It has been found that some relation does exist for these reactions 
and solvents. The velocity in the t?-, mo-, ^ec.-, and -series 
steadily decreases with increasing molecular weight, with the ex¬ 
ception of the anomalous behaviorir of methyl alcohol, which is a 
less favourable solvent than ethyl alcohol. For alcohols of a given 
molecular weight, the order of decreasing activity is mo-, see.-, ti-, 
tert.-y and is independent of the alkyl iodide. 

Allyl alcohol does not compare closely with 72--propyl alcohol, 
with which it is physically similar; the effect of the unsaturated 
group is to decrease the velocity. Benzyl alcohol is a more favour¬ 
able medium than a straight-chain alcohol of the same molecular 
weight, and the velocity in ethylene glycol is lower than that in 
ethyl alcohol, showing that the displacement of a hj^drogen atom 
by a hydroxyl group reduces the velocdiy. The addition of water 
to ethyl alcohol at first increases the velocity to a maximum at 
about 80 per cent, of alcohol, and then retards the reaction. 

It is suggested that these facts support the idea that a solvent 
participate in the reaction, and its physical properties have only 
a subordinate influence. 

The ordor of the activity of the alkyl iodides is only approxim- 
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ately independent of the solvent, and the relative activities of the 
iodides are dependent on the solvent. 

The ratio of the activity of sodium phenoxide and naphthoxide 
is independent of the alkyl iodide, but the ratio of naphthoxide to 
ethoxide is not so independent. 

The influence of initial concentration has also been studied in 
four solvents. In each case there is an increase in velocity with 
decreasing initial concentration. In the cases of methyl and ethyl 
alcohols, evidence is adduced which suggests that in these solvents 
sodium )8-naphthoxide undergoes alcoholysis as well as ionisation. 

The author is indebted to Mr. G. Rudd Thompson for facilities 
for this work, to Dr. J. C. Crocker for his continued interest, and 
to the Research Fund Committee of the Chemical Society for a 
grant which has defrayed most of the expense. 

69 Dock Street, 

Newport, Mon. [TteceiveAJ , March 1920.] 


LIV .—The Introduction of the Chloromethyl Group 
into the Aromatic Nucleus. 

By Henry Stephen, Wallace Frank Short, and 
Geoffrey Gladding. 

Up to the present time, it does not appear that any systematic 
attempt has been made to prepare benzyl chloride and benzyl 
bromide and their derivatives by direct introduction of chloro¬ 
methyl and bromomethyl groups, respectively, into the aromatic 
nucleus. 

Grassi-Cristaldi and Maselli (Gazzetta, 1898, 28, ii, 477) were 
the first to show that the product (which they called chloromethyl 
alcohol) obtained by the action of hydrogen chloride on paraform- 
aldehyde reacted with benzene in presence of aluminium chloride 
to yield benzyl chloride and diphenylmethane. Under such con- 
ditions, however, traces only of benzyl chloride could have been 
formed, since it would react very readily with unchanged benzene 
in presence of aluminium chloride to form diphenylmethane. 

In this paper is described the preparation of benzyl chloride 
and compounds related to it by the direct introduction of the 
chloromethyl group into an aromatic compound. The method 
consists of treating an aromatic compound in presence of a 
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dehydrating agent with the product obtained by the action of 
hydrogen chloride on paraformaldehyde or aqueous solutions of 
formaldehyde, which has been shown to consist of .<f-dichloromethyl 
ether (Tischtschenko, ,7. Riiss. Phys. Chern. Soc., 1887, 19, 464; 
Losekann, Chem.. Zeit., 1890, 14, 1408; Litterscheid, Annnleny 
1901, 316, 157; Litterscheid and Thimme, Armalen, 1904, 334, 
1). If methyl alcohol is present in the commercial formaldehyde 
employed, a small amount of monochloromethyl ether will also be 
present (Henry, Ber.y 1893, 26, 933). 

Both these compounds yield chloromethyl derivatives when 
treated with aromatic compounds in the presence of a dehydrating 
agent, but there is an essential difference between the two cases, 
for whilst 5-dichloroniethyl ether reacts very readily with benzene 
in the presence of anhydrous zinc chloride to give benzyl chloride, 
monochloromethyl ether under similar conditions reacts slowly. If 
zinc chloride monohydrate is substituted for anhydrous zinc chloride 
in the latter case, the reaction takes place readily. A possible 
explanation of these facts is indicated by the following scheme: 

(i) (CHXl)oO 4 2CJTo - 2C,,H,-CIL,C1 + H.O. 

(ii) CH,*0-CH.C1 -f HoO - Cn,*OH“} CH.n-OH. 

(iii) 2CHoCbOH - (CHoCl^.O + ILO. 

The formation of benzyl chloride is explained by (i), and the 
water produced in the reaction would thus be available to bring 
about the hydrolysis of monochloromethyl ether according to (ii), 
two molecules of the chloromethyl alcohol thus formed then uniting 
with elimination of water to produce 5-dichloromethyl ether. The 
reactions indicated by (ii) and (iii) explain why the monohydrate 
of zinc chloride brought about a quicker reaction between benzene 
and monochloromethyl ether, Furthermore, it has been observed 
that when monochloromethyl ether (b. p. 59—61°) was? treated 
with the monohydrate of zinc chloride at about 27° and the mixture 
vigorously agitated, the product was ,s-dichloromethyl ether (b. p. 
105—106°). The temperature of 27° is that at which the mono¬ 
hydrate deposits anhydrous zinc chloride. 

The formation of a chloromethyl aromatic compound is usually 
accompanied by the production of a diphenylmethane derivative, 
which is formed by the condensation of the chloromethyl compound 
with the original aromatic compound. The latter reaction depends 
on the kind of dehydrating agent employed, since those reactions 
in which zinc chloride was used only furnished small amounts of 
the diphenylmethane derivatives, whereas the use of sulphuric acid 
under similar conditions invariably caused the formation of larger 
quantities of those sobstapces, Tp both inetanoes, however, tbo 
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temperature is an important factor, because, as a rule, diphenyl- 
methane derivatives are formed to some extent by heating a mix¬ 
ture of a chloromethyl compound with another aromatic compound; 
the conditions for this reaction are more favourable when sub¬ 
stances such as sulphuric acid, metallic oxides, or even traces of 
metals like iron, zinc, and mercury are present. Diphenylmethane 
was formed, for example, by treating benzyl chloride with benzene 
and concentrated sulphuric acid, and in absence of benzene a sub¬ 
stance of complex nature was formed by the reaction of benzyl 
chloride with itself. Hydrogen chloride was copiously evolved in 
both reactions. The above statements hold true for other chloro¬ 
methyl compounds, and as a result of preliminary investigations 
it was considered advisable to perform the reactions at tempera¬ 
tures not exceeding 35® in most oases, as otherwise the yield of 
chloromethyl derivative is diminished and the amount of diphenyl- 
methane derivative increased. 

For convenience, the various cases investigated which have led 
to the formation of chloromethyl or bromoraethyl derivatives have 
been tabulated, as follows: 


Compound 

investij 2 ;ated. Compounds prepared. 

Benzene . Benzyl chloride, ww'-dichloro-p-xylene, benzyl 

bromide. 

Toluene . «-Chloro-p-xylene, <w-bromo-p-xylene. 

Xylene (commercial)... « (l)-Chloro-4^-cumene. 

Benzyl chloride . cuw'-Dichloro-p-xylene. 

Benzyl bromide . ««'-Dibromo-p-xylene. 

Chlorobenzene . p-Chlorobenzyl chloride, p-chlorobenzyl bromide. 

Bromobenzene . p-Bromobenzyl chloride, p-bromobenzyl bromide. 

o-Chlorotoluene . 2-« (4)-Dichloro-p.xylene. 

Nitrobenzene . m-Nitrobenzyl chloride. 

o-Nitrotoluene . w (4)-Chloro-2-nitro-p-xylene. 

p-Nitrotoluene . w (2)-Chloro-4-nitro-o-xylene. 


In addition to the above, other substances have also been investi¬ 
gated, but the results obtained were either unsuccessful or no 
reaction was observed. Diphenyl, for example, gave oxo'-dichloro- 
p-ditolyl, but this we were unable to obtain in a pure condition, 
the evidence for its formation depending on the fact* that the crude 
product gave diphenyl-4; 4'-dicarboxy lie acid on oxidation. 
Naphthalene, when mixed with dichloromethyl ether and allowed 
to remain at the ordinary temperature for two days, gives a pro¬ 
duct which resembles that described by Wheeler and Jackson (J. 
Amer. Ghem. Soc.^ 1902, 24, 762) from formaldehyde and 
naphthalene. It possesses remarkable stability towards reagents 
such as potassium permanganate and chromic acid, and is only 
slightly attacked by fusion with a mixture of potassium hydroxide 
and potassium chlorate^ Anthracene and anthraquinone were 
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recovered unchanged from the reaction mixtures, as was also the 
case with m-dinitrobenzene and s-trinitrotoluene respectively. 

Phenol gave the well-known ''bakelite'' product, whereas from 
anisole good yields of ^^'-dimethoxydiphenylmethane were 
obtained. The latter substance is also readily obtained by warm¬ 
ing anisyl chloride (prepared by treating anisyl alcohol with phos¬ 
phorus pentachloride in dry ether) with anisole. 

In the cases of bases such as aniline, a-, m-, and ^toluidines, the 
so-called anhydro-bases were obtained. Dimethyl and diethyl 
aniline readily yield tetramethyl- and tetraethyl-diaminodiphenyl- 
methane respectively. No reaction was observed with o- and 
pchloronitrobenzene, ^dichlorobenzene, or ^chlorotoluene. 

The introduction of a chloro- or bromo-methyl group into mono- 
substituted benzenoid compounds, such as toluene or chlorobenzene, 
appears to take place exclusively in the para-position. No evidence 
was found of the presence of the corresponding ortho-derivatives in 
the products. Benzyl chloride similarly gave only (ow'-dichloro-;?- 
xylene. 

The presence of a nitro-group directs a chloromethyl group into 
the meta-position. 


Experimental. 

The Action of Hydrogen Chloride on Formaldehyde^ 
Paraformaldehyde^ and Hexamethylenetetramine. 

Formaldehyde. —The apparatus consisted of a tower packed with 
glass beads, and the lower end was inserted in one neck of a 
Woulfe's bottle, which was provided with an outlet tap at the 
bottom. At the top of the tower, a suitable condensing arrange¬ 
ment was attached. Formaldehyde solution (40 per cent.) was 
allowed to percolate slowly down the tower, and at the same time 
a rapid stream of hydrogen chloride was passed upwards through 
the other inlet of the Woulfe's bottle. The reaction soon became 
evident from the fact that the tower was warm after the first two 
or three minutes. As the liquid collected in the receiver, the 
formation of oil wm observed almost at once, and as the quantity 
of liquid increased, the oil was seen floating on the acid layer. 
The oil sinks only after saturation with hydrogen chloride, and 
the above method therefore has the advantage of yielding oil con¬ 
taining less hydrogen chloride than is the case in Lbsekann’s 
method. 

It is important to note that when hydrogen chloride was passed 
into formaldehyde solution (40 per cent.), and the latter cooled 

u* 
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during the experiment by immersion in cold water, paraform¬ 
aldehyde separated from the solution. It is difficult to convert 
paraformaldehyde into oil by this method when formed in such 
circumstances. 

For satisfactory yields of oil, it is essential, therefore, that 
the heat produced during the reaction between formaldehyde 
solution and hydrogen chloride should be allowed to develop; the 
temperature seldom exceeded 60®, and in the tower experiment 
described above there was no appreciable loss of formaldehyde 
due to rise in temperature. 

Pa/rafornuddehrjde .—Thirty grams (1 mol.) of paraformaldehyde 
were suspended in 40 grams of concentrated sulphuric acid (D 1’73), 
the mixture was cooled to 0®, and 175 grams (1*5 mols.) of chloro- 
sulphonic acid were slowly added. The reaction is easily controlled 
by carefully adjusting the flow of chlorosulphonic acid, and the 
temperature should not be allowed to rise above 10®, otherwise the 
reaction becomes very violent and much paraformaldehyde is lost 
as vapour. The yield of s-dichloromethyl ether is 95 per cent, of 
the theoretical (compare J. Soc, Chem. Ind.y 1919, 38, 468r). 

Hexamethylenetetramme ,—Twenty grams of hexamethylene¬ 
tetramine were dissolved in 150 c.c. of concentrated hydrochloric 
acid, the solution was cooled in ice, and a rapid stream of hydrogen 
chloride was introduced. After ten minutes, a layer of oil was 
formed on the surface of the liqmd, with simultaneous deposition 
of ammonium chloride. The oil was separated and purified, when 
it distilled at 105®, and only a small residue was left. The yield 
of «-dichloromethyl ether was about 50 per cent, of the theoretical. 

In the experiments to be described later, the oil produced from 
40 per cent, formaldehyde solution was employed, as being more 
economical and readily procurable. The presence of monochloro- 
methyl ether does not affect the formation of chloromethyl deriv¬ 
atives when the oil is condensed with aromatic compounds, since it 
was found possible to prepare such derivatives from aromatic com¬ 
pounds and monochloromethyl ether. In the subsequent section 
dealing with the preparation of chloromethyl derivatives, the pro¬ 
duct from the action of hydrogen chloride on formaldehyde will be 
referred to as '"crude oil.'' A rapid method for the preparation 
of small quantities of the crude oil" consists in gradually adding 
sodium chloride to a suspension of paraformaldehyde in concen¬ 
trated sulphuric acid, when the oil separates as an upper layer. 

Properties of the Crude OH ,—On shaking the crude oil with 
sodium silicate, borax, or potassium carbonate, any excess of free 
hydrogen chloride is removed, the oil being slightly decomposed, 
with the formation of paraformaldehyde; more decomposition 
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results if anhydrous sodium sulphate is used as a dehydrating 
agent. 

The dry oil, from which excess of hydrogen chloride has been 
removed, is only slowly attacked by solid sodium or potassium 
hydroxides; the crude oil before drying is almost completely 
destroyed by such treatment. 

Both the crude and treated oils are stable towards concentrated 
sulphuric acid, on which they float. Phosphoric oxide attacks the 
crude oil very vigorously, with the fonnation of paraformaldehyde; 
the oil treated as above is attacked only very slowly by this reagent. 

The oil is volatile in a current of steam, about a half of it being 
destroyed in the process. This fact is of importance in connexion 
with the isolation of chloromethyl derivatives. These are obtained 
from the reaction mixtures by distillation in steam, and, in con¬ 
sequence, any unchanged oil is found mixed with such derivatives, 
and on purification of them by distillation, decomposition results. 
Unchanged oil may be easily removed by adding a little dilute 
potassium permanganate to the steam distillate until the colour of 
the solution is just pink; the oil is readily oxidised, and the odour 
of formaldehyde, usually present, disappears. 


The Actio7i of Hydrogen Bromule on Formaldehyde. 

Thirty grams (1 niol.) of paraformaldehyde were suspended in 
80 grams of sulphuric acid (D 1*84), the mixture was cooled in 
ice, and 155 grams (]'5 mols.) of finely powdered sodium bromide 
were slowly added with constant agitation. Only a small amount 
of bromine was evolved. The mixture was then warmed on the 
steam-bath for ten minutes, when the paraformaldehyde rapidly 
dissolved, and an oily layer of s-dibromoinethyl ether appeared 
on the surface of the acid. On distillation of the crude product, 
about 80 grams of pure 5-dibromomethyl ether were obtained (b. p. 
154—155®). The properties of the oil are similar to those described 
for the corresponding chloro-compound. 


The Preparation of Aromatic Chloromethyl Derivatives. Benzyl 

Chloride. 

As the preparation of benzyl chloride is a typical example of the 
general mode of procedure, the following remarks are of general 
interest. 

The yield of benzyl chloride is increased if the reaction is carried 
out at temperatures not exceeding 30®, the best results being 
obtained at the ordinary temperature. In most oases, it is neoes- 

2 



616 STBPHBK, SHORT, AND GLADDINO: THE INTRODUCTION QV 


sary to cool the reaction vessel with a rapid stream of cold water 
to avoid rise in temperature, the reaction mixture being well shaken 
by mechanical means or stirred by means of a rapid rotating Witt’s 
stirrer. 

In calculating the quantities of benzene and anhydrous zinc 
chloride to be used, so much of the latter was taken that if the 
reaction proceeded to completion, 2 molecules of water would be 
eliminated, forming zinc chloride dihydrate according to the 
equation 

ZnClg + 4CeHe + 2(CH2C1)20 = 4C6H5*CH2C1 + ZnCl2,2H20. 

It was found advantageous to use an excess of benzene in the 
condensation, otherwise unchanged s-dichloromethyl ether appeared 
in the distillate. A mixture of 108 grams of benzene and 68 grams 
of powdered anhydrous zinc chloride was shaken mechanically, and 
79*5 grams of the crude oil added gradually, the temperature being 
kept below 25°. An immediate red coloration was observed, which 
became darker on further addition of the oil. When all the oil 
had been added, the shaking was continued for about an hour to 
complete the reaction. Ice-water was then added to the product, 
when the red colour disappeared, and the mixture was distilled in 
a current of steam. 

Unchanged benzene distilled over rapidly, accompanied by the 
odour of formaldehyde, and at this stage the receiver was changed, 
as it was observed that the oil carried over in the distillate was 
heavier than water and possessed the characteristic odour of benzyl 
chloride as well as that of formaldehyde. When nearly the whole 
of the benzyl chloride had been removed, a white, crystalline mass 
was observed to solidify in the condenser. The distillation was 
then stopped, a pale brown oil remaining in the flask. This oily 
residue partly solidified on cooling, and was preserved, along with 
the white, crystalline mass mentioned above, for further 
investigation. 

The aqueous suspension of the oil was treated with .dilute 
potassium permanganate until the odour of formaldehyde had dis¬ 
appeared, the oil separated from water after settling, dried with 
anhydrous sodium sulphate, and distilled, 44 grams of benzyl 
chloride (b. p. 174°) being obtained. 

Better yields were obtained using the entire crude product, that 
is, both the oil and the concentrated hydrochloric acid layers, 
together with benzene, and sufficient anhydrous zinc chloride to 
convert the water present, and that produced during the reaction, 
into the dihydrate, ZnCl 2 » 2 H 20 * 

The materials were added in the same order as in the previotts 
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experiment, the temperature being kept below 10® and the mixture 
well shaken throughout. 

Using 100 o.c. of formaldehyde (40 per cent.), 104 grams of 
benzene, and 140 grams of anhydrous zinc chloride, 57 grams of 
benzyl chloride were obtained. A brown-coloured residue also 
remained as before in the flask after distillation with steam. 

In order to avoid the vigorous agitation required to emulsify 
the reaction mixture, on which the success of the operation largely 
depends, attempts were made to attain the same object by the use 
of finely divided kieselguhr. The results obtained were as follows, 
in each case 60 grams of crude oil being mixed with 100 grams of 
benzene and 68 grams of anhydrous zinc chloride. 

Yield of benzyl 


Experiment. chloride. Time. 

(I.) Kieselguhr groimd with ZnClj . 36 grams 1 hour. 

(II.) Kieselguhr suspended in ZnCljtHjO. 28 „ | „ 

(III.) Finely powdered ZnClj . 36 „ 2? hours 

(IV.) ZnCla.H,0. 28 „ 13 „ 


By comparison of the above experiments, it will be seen that 
agitation may be avoided by the use of kieselguhr, which also assists 
in diminishing the time required for the experiment without affect¬ 
ing the yield, and the possibility of formation of by-products was 
also eliminated. The yield of benzyl chloride is better when 
anhydrous zinc chloride is used rather than the monohydrated 
form, but the dehydrating properties of the latter in the presence 
of concentrated hydrochloric acid are better than the former, as is 
shown in the second experiment described above. 

The dehydrating properties of the monohydrate of zinc chloride 
are of interest in connexion with the following experiment. 

If pure monochloromethyl ether is condensed with benzene in 
the presence of zinc chloride in the manner above described, the 
following results are obtained, using 49 grams of benzene and 
25 grams of monochloromethyl ether. 

(i) Using anhydrous zinc chloride in sufficient quantity to form 
the monohydrate, 14'5 grams of benzyl chloride were obtained after 
five hours. 

(ii) Using zinc chloride monohydrate in sufficient quantity to 
form the dihydrate, 14*5 grams of benzyl chloride were obtained 
after three-quarters of an hour. 

These results are explained by the fact that hydrolysis of mono¬ 
chloromethyl ether must occur l>efore the main condensation takes 
place, as mentioned in the introduction. 

Thus, if no water is present in the zinc chloride, the reaction 
proceeds vej^ slowly, since there is no tendency for the dehydration 
to take place until partial hydrolysis occurs. 
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In the case of the crude oil from formaldehyde, this contains 
much «-dichloromethyl ether, which may be condensed without 
hydrolysis to form benzyl chloride: 

2C6H6 + (CHoC1)20 = 2CoH6-CHoC1 + HgO. 

The change represented by this equation may be realised in 
practice by allowing a mixture of benzene and the crude oil to 
remain for several days. A small quantity of benzyl chloride is 
obtained, the formation of which is probably facilitated by the 
presence of hydrogen chloride dissolved in the crude oil. 

In the reaction between benzene and s-dichloromethyl ether, 
water should be carefully excluded unless it has been previously 
saturated with hydrogen chloride, otherwise a considerable amount 
of hydrolysis of s-dichloromethyl ether takes place, according to 
the equation 

(CH2C1)20 + HoO = 2HC1 + 2 CH 2 O, 

and this accounts for the poorer yields of benzyl chloride obtained 
if the monohydrate is used as dehydrating agent. 

From Paraformaldehyde .—Thirty grams of paraformaldehyde 
and 127 grams of anhydrous zinc chloride were suspended in 100 
grams of benzene, the mixture being cooled in ice and treated with 
dry hydrogen chloride for several hours. The product was then 
poured into water, and, on distillation in a current of steam and 
subsequent purification, 35 grams of benzyl chloride were obtained. 
A large residue remained in the flask after distillation with steam, 
the composition of which appeared to be of a very complex nature. 

From Hexamethylenetetramine .—Forty grams of hexamethylene¬ 
tetramine were mixed with 35 grams of powdered zinc chloride 
and suspended in 54 grams of benzene. Dry hydrogen chloride 
was passed into the mixture for eight hours, a red coloration being 
produced, which disappeared on pouring the mixture into water. 
Only a very small residue was left after distillation with steam, 
and the distillate, after purification, gave 5 grams of benzyl 
chloride. 

An experiment was carried out with the object of combining the 
action of hydrogen chloride on formaldehyde with the subsequent 
one for the formation of benzyl chloride. Benzene (104 grams) 
was emulsified with formaldehyde solution (100 c.c. of 40 per cent.) 
by vigorous stirring, using a rapidly rotating Witt's stirrer, 
hydrogen chloride was passed into the emulsion, which was cooled 
in ice, and finely powdered zinc chloride (140 grams) added gradu¬ 
ally during four hours. The yield of benzyl chloride was 23 grams, 
and much residue remained after distillation with steam. The 
disadvantage of this method is that the temperature is very difficult 
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to control, owing to the heat evolved during the action of hydrogen 
chloride on formaldehyde. 

A further experiment, carried out without the use of zinc 
chloride, gave 10 grams of benzyl chloride, using the same quanti¬ 
ties as before. 

As stated previously, the use of sulphuric acid as a dehydrating 
agent instead of anhydrous zinc chloride in the above reactions 
gives poorer yields of benzyl chloride. The results obtained from 
a series of experiments indicate that the more concentrated the 
acid the smaller is the yield of benzyl chloride, and, in particular, 
sulphuric acid of concentration higher than 80 per cent, causes 
decomposition of the benzyl chloride formed during the reaction. 
On the addition of sulphuric acid (concentration varying from 
80 per cent, and higher) to pure benzyl chloride, a copious evolu¬ 
tion of hydrogen chloride took place, with the formation of a gum¬ 
like residue, which was insoluble in the usual organic solvents. 
Such a residue was the chief product obtained from the experi¬ 
ments, which also yielded only small amounts of benzyl chloride. 
In the case of sulphuric acid of concentration less than 80 per 
cent., the power of dehydration necessary for the reaction had 
been considerably diminished, and the operation was thus pro¬ 
longed, a fact which militated against the success of the experi¬ 
ments. 

-Diehloro~\i-xj/lene .—The presence of this substance in the 
reaction mixture during the preparation of benzyl chloride has 
already been mentioned, and the amount was observed to increase 
when the reaction was carried out between 30*^ and 40^. A mix¬ 
ture of 72 grams of crude oil and 34 grams of finely powdered 
anhydrous zinc chloride was warmed at 35® for ten hours, during 
which time 39 grams of benzene were gradually added, the mixture 
being continually agitated. The latter became intensely red, the 
colour disappearing on pouring it into water at the end of the 
prescribed time. After the removal of the benzene and benzyl 
chloride in a current of steam, the residue was cooled, extracted 
with ether, the solution dried, and evaporated, when a semi-solid 
mass remained, which was distilled under diminished pressure, 
22 grams of a white solid (b. p. 120®/20 mm., m. p. 97—99®) being 
obtained. It crystallised from ethyl alcohol in leaves melting at 
100-5® (Lauth and Grimaux, Zeitsch, /. Chem,y 1867, 3, 381, 
give 100®) (Found: Cl = 40‘28. Calc.: Cl = 40‘52 per cent.). 

(DO) '-Diehloro-j!?-xylene (10 grams) was also obtained by warming 
benzyl chloride (25 grams) and the crude oil with anhydrous zinc 
chloride at 30—36® for eighteen hours. After purification in the 
manner previously described, the substance melted at 100*6®, It 
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is readily soluble in cold chloroform or acetone and in hot ethyl 
or methyl alcohol, from which it crystallises, but sparingly soluble 
in ethyl acetate, benzyl chloride, ether, or glacial acetic acid. On 
warming with water at 80°, it is easily hydrolysed, the presence 
of free hydrochloric acid being detected in the aqueous portion. 
On oxidation, the substance gave terephthaldehyde (colourless 
needles, m. p. 116—117°, Hdnig, Monatsh.y 1889, 9, 1163) and 
terephthalio kcid (m. p. 140°), the mononitro-derivative of the 
latter melting at 259°. 

Benzyl Bromide. —This substance was prepared by treating 
benzene with the crude oil. The method of procedure was similar 
to that described in the case of benzyl chloride, and the same yields 
of benzyl bromide were obtained, the product distilling at 
114°/16 mm. 

tam^-DibromO’^xylene .—This was isolated from the residue after 
removing benzyl bromide. After purification in the way already 
described for the corresponding chloro-compound, it crystallised 
from ethyl alcohol in glistening leaves melting at 144°, and on 
oxidation with potassium permanganate it yielded terephthalic 
acid. 

m-Ghloro-^-xylene. —^This was obtained (35 grams) from toluene 
(65 grams) by the methods previously described for benzyl chloride 
as a colourless liquid (b. p. 92—94°/20 mm., 192°/760 mm.) 
(Found: Cl = 23*9. Calc.: Cl = 24*3 per cent.). Its identity was 
established by the preparation from it of terephthalic acid, p-tolu- 
aldehyde (b. p. 102—105°/20 mm., 202°/768 mm.; oxime, m. p. 
77—78°; j3-nitrophenylhydrazone, m. p. 192°), and ^?-xylyl alcohol 
(m. p. 59°; acetate, b. p. 226—227°/758 mm., 121—123°/18 mm.). 

ta-Bromo-'^xylene. —This was prepared by treating toluene with 
the crude bromo-oil and zinc chloride monohydrate. After purifi¬ 
cation, it was obtained as a heavy, colourless oil, which solidified 
after two distillations under diminished pressure (b. p. 109°/ 
15 mm.), and the solid compound melted at 38° (Radziszewski and 
Wispek, Ber.y 1882, 16, 1743, give 35-5°) (Found: Br = 43;09. 
Calc.: Br=43*2 per cent.). 

Di-'^-tolylmethcme. —This substance was isolated from the brown 
oil which remained after removing co-chloro-p-xylene in a current 
of steam. The oil was dissolved in ether, the solution dried, 
evaporated, and the residue distilled, when a chief fraction con¬ 
sisting of a pale yellow oil passed over at 180°/13 mm. On redis- 
tillation under the ordinary pressure, the product was a colourlees 
odl, boiling at 293°, which showed a faint blue fluorescence, and was 
insoluble in water, but readily soluble in the ordinary organic 
solvents. On cooling in a mixture of ice and salt, it solidified, and, 
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after draining the cryBtals and re-melting them, they showed a 
setting point of 22*6^^. Ador and Rilliet (Ber.^ 1879, 12, 2302) 
give the melting point of di-p-tolylmethane as 23^, and Lavaux 
(Gom'pt. rend,, 1911, 162, 1400) gives 28^ (Found: C = 91-55; 
H = 8-03. Calc.: q=91‘82; H = 816 per cent.). 

A portion of the substance was nitrated by warming with nitric 
acid (D 1*42) on the water-bath at 60—70° until the oily layer had 
disappeared. On pouring into water, a white, crystalline substance 
separated, which was collected, washed with hot water, and then 
with sodium carbonate solution, in order to remove a small quantity 
of an add formed by oxidation. The product was boiled with 
water, collected, and dried, and on crystallisation from acetic 
add the first crop of crystals (plates) melted at 169—170°. A 
mixture of it with 3: S'-dinitrodi-p-tolylmethane (p. 526) showed 
no depression of the melting point. The filtrate deposited a further 
crop of crystals, which were twice recrystallised from acetic add 
and then melted at 143—144°, and were identical with 3 :3'-dinitro- 
4:4'-dimethylbenzophenone (p. 526). This substance is more 
readily soluble in acetic acid than the corresponding diphenyl- 
methane derivative. 

4: ^^-Dimethylhev^zophenoirie. —This was obtained by the oxida¬ 
tion of di-;^tolylmethane with chromic add in acetic add, the solu¬ 
tion being kept cold. After an hour, the mixture was poured into 
much water, and the predpitate was collected, washed several times 
with sodium carbonate solution, and then crystallised from ethyl 
alcohol, from which the ketone separated in needles melting at 98° 
(Limpricht, Annaleriy 1900, 312, 92, gives 95°). 

On fusion of the ketone with an excess of potassium hydroxide 
at 200°, the odour of toluene was observed, and the fused mass, 
after cooling and acidifying with hydrochloric acid, gave an acid 
which was crystallised from hot water, in which it was readily 
soluble, and melted at 177°. It was identified as j^-toluic acid, 
and there was no evidence of the presence of o-toluio add, which, 
however, is only sparingly soluble in hot water. 

Prolonged action of chromic acid in acetic add solution, or oxida¬ 
tion with potassium permanganate, converts di-/?-tolylmethane into 
ben*ophenone-4:4'-dicarboxylio acid crystallising from acetic acid 
in needles, which sublime on heating (the silver salt gave Ag = 44*4. 
Calc.: Ag = 44*6 per cent.). The methyl ester melts at 224°, as 
stated by Limpricht (/oc, dt.). Fusion of the acid with potassium 
hydroxide yielded a mixture of terephthalio and benzoic adds, 
which was easily separated, since the former is only very sparingly 
soluble in hot water, and the two constituents were identified in the 
usual way. 



622 STEPHEN, SHOET, AND GLADDING: THE INTRODtrOTION OP 


(ii(y)-Chloro^}p-cnmiene (CH 2 CI: Me: Me = 1:3:4).—It was not 
possible to study the reactions of the three xylenes individually, as 
these were not available. The above substance, however, was 
isolated from the product obtained by treating ordinary xylene 
with the crude oil, according to the method described in the case 
of toluene. It distils at 215—216^ under the ordinary pressure 
(105°/15 mm.) (Curtius and Mayer, 7. pr. Chem., 1912, [ii], 86, 
143, give 103—104^/19 mm.), and possesses an odour resembling 
that of benzyl chloride (Found: Cl = 22*5. Calc.: Cl = 22*98 per 
cent.). 

On reduction with red phosphorus and hydriodic acid, it gave 
^-cumene (b. p. 168—169°), the trinitro-derivative of which melted 
at 185°. 

On converting into the aldehyde in the usual way, and sub¬ 
sequent oxidation of the latter, 2:4-dimethylbenzoio acid was 
obtained (m. p. 125°) (silver salt, found: Ag = 41*87. Calc.: 
Ag = 42*02 per cent.). 

p-Chlorohenzyl Chloride .—This substance is readily prepared 
from chlorobenzene and the crude oil by any of the methods 
previously described. Good results were obtained by using zinc 
chloride monohydrate as dehydrating agent and carrying out the 
experiment at 65°. Employing 97 per cent, sulphuric acid at 25°, 
50 per cent, of the chlorobenzene was converted into /Mjhlorobenzyl 
chloride, but higher temperatures favour the formation of 4:4'-di- 
chlorodiphenylmethane; the yield of the latter is nearly theoretical 
at about 40°. 77 -Chlorobenzyl chloride was also obtained by treat¬ 
ing chlorobenzene with monochloromethyl ether in the presence of 
dehydrating agents. It melted at 29° and boiled at 117°/20 mm, 
and 214°/758 mm. (Found: Cl = 44*48. Calc.: Cl = 44*l per 
cent.). In order further to characterise this substance, p-chloro- 
benzoic acid (m. p.. 236°), p-chlorobenzaldehyde (m. p. 46—47°), 
and 77 -chlorobenzyl alcohol (m. p. 70—71°) were prepared from it. 

4t\^^-Dichlorodiphenylmeth(me .—This substance was isolated 
from the residue after removing p-chlorobenzyl chloride in a current 
of steam. The brown oil was separated from the aqueous layer, 
dried, and distilled, when 4:4'-dichlorodiphenylmethane passed 
over as a colourless oil at 208—210°/15 mm., which solidified to ^ 
mass of white needles, and after crystallisation from methyl 
alcohol melted at 55°; this is identical with the value given by 
Montagne {Rec. trav, chim., 1907, 26, 390). 

The compound was also obtained by treating ^-chlorobenzyl 
chloride with chlorobenzene and sulphuric acid. 

Five grams (1 mol.) of ;?-chlorobenzyl chloride were melted with 
3*5 grams (1 mol.) of chlorobenzene, and, after cooling, the mix- 
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ture was treated with four times its weight of 97 per cent, sulphuric 
acid. It was then well shaken until emulsified and hydrogen 
chloride was evolved. The reaction was moderated by cooling in 
water, and the mixture was allowed to remain overnight. On 
passing a current of steam through the semi-solid mass after treat¬ 
ment with water, small amounts of unchanged chlorobenzene and 
/?-chlorobenzyl chloride passed over, and 5 grams of 4 :4'-dichloro- 
diphenylmethane were obtained from the residue by the method of 
purification described above. 

4:*A^-DicMor(^)enz(>phfn(me ,—This was obtained by treating 
4 grams (1 mol.) of 4:4'-dichlorodiphenylmethane dissolved in 
20 grams of glacial acetic acid with 4 grams (1 mol.) of chromic 
acid. The temperature of the solution rapidly rose, and it was 
necessary to cool the mixture in order to control the vigorous 
action which took place. After an hour, the dark green solution 
was poured into 250 c.c. of water, when glistening plates separated 
which, after crystallisation from ethyl alcohol, melted at 145^. 
The oxime melted at 136° (Dittrich, Annalen, 1891, 264, 174, gives 
135°). On fusing 4 :4'-dichlorobenzophenone with potassium hydr¬ 
oxide, the odour of chlorobenzene was observed, and 7 ?-chlorobenzoic 
acid (m. p. 236°) was isolated. 

4 : -Diehloro-Z : V-dinitrodiphenylmethane grams of 
4 :4'-dichlorodiphenylmethane were dissolved in 20 c.c. of nitric 
acid (D 1*42) by warming on the water-bath, and the heating was 
continued for one hour. On pouring into water, a white, crystal¬ 
line solid was deposited, which was collected, washed with hot 
water, dried, and crystallised twice from alcetic acid, when it melted 
at 196°. The filtrate from the first crystallisation, on keeping over¬ 
night, deposited small, white needles, which melted at 132°, and 
there was no change in melting point when the substance was 
mixed with 4 :4'-dichloro-3 : 3'-dinitrobenzophenone, prepared by 
nitrating 4 :4'-dichlorobenzophenone. 

The compound melting at 196° was analysed: 

0‘1205 gave 0 1049 AgCl. Cl = 21 53. 

Ci 3 Hg 04 N 2 Cl 2 requires 01 = 21-71 per cent. 

In order to determine the positions of the nitro-groups, the sub¬ 
stance was oxidised with chromic acid in acetic acid solution in the 
usual way. The product crystallised from ethyl alcohol in small, 
hard needles melting at 132°, and consisted of 4 :4'-dichloro-3:3'- 
dinitrobenzophenone. 

The usual methods of carrying out the reactions described in the 
foregoing experiments have been applied to the preparation of the 
following compounds. 

‘p-Bromahenzyl Chloride .—This was obtained from bromobenzene 
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and tlie crude oil in the presence of zinc chloride monohydrate. 
Forty-five per cent, of the bromobenzene was converted into 
j[?-bromobenzyl chloride, which, after purification, melted at 40® 
(Errera, Gazzetta^ 1898, 18, 239, gives 38—39®). Oxidation with 
potassium permanganate gave jp-bromobenzoic acid (m. p. 251®). 

4: 4^-Dibromodiphenylmethane (m. p. 64®) was also isolated from 
the above reaction. 

i^-Chlorahemyl bromide^ prepared from chlorobenzene and the 
corresponding bromo-oil, crystallises from ethyl alcohol in needles 
melting at 48® (Jaekson and Field, Ber.y 1878, 11, 906, give 48*5®). 
Oxidation with potassium permanganate yielded ^^chlorobenzoic 
add. 

^Bromobemyl bromidey prepared from bromobenzene and the 
bromo-oil, crystallised from methyl alcohol in needles melting at 
60—61®. Oxidation converted it into ^-bromobenzoic acid. 

2-o)(4)-2?icA7oro-p-a;yZene (CH3: Cl: CH2CI = 1:2:4).—^This was 
prepared from o-chlorotoluene and the crude oil by treatment with 
zinc chloride monohydrate, the mixture being allowed to remain 
for twenty-four hours. After purification, it was obtained as a 
colourless oil boiling at 124®/20 mm. 

Found: 01 = 40*39. 

CgH8Cl2 requires Cl = 40*52 per cent. 

On oxidation with potassium permanganate, an acid was 
obtained, the ethyl ester of which (b. p. 149®) gave, on hydrolysis, 
2-ohloro-27-toluio add (m. p. 196—197®) (Found: 01 = 20*44. 
Calc.: Cl = 20*8 per cent.). Gentle fusion of this add with 
potassium hydroxide filHiished 2-hydroxy-p-toluic acid (m. p. 
204—206®). 

m-Nitrobenzyl Chloride, —Many experiments were carried out 
with the object of preparing m-nitrobenzyl chloride from nitro¬ 
benzene and the crude oil, but only a small amount of the substance 
was isolated from any single experiment. 

The beet result was obtained by treating 63 grams of nitrobenzene 
with 80 c.c. of sulphuric add (D 1*84) to which were added 10 c.c. 
of fuming sulphuric add containing 10 per cent, of sulphur tri¬ 
oxide, adding gradually 45 c.c. of the crude oil, and maintaining the 
mixture at 50® for three days. The dark olive-green liquid was 
poured into four times its volumes of water and distilled in a 
current of steam; 56 grams of nitrobenzene were recovered, and 
3 grams of a white substance solidified in the cool part of the 
condenser. A small amount of a dark brown solid was left in the 
flask. 

The white solid was found to consist of Tn-nitrobenzyl chloride, 
which crystallised from ethyl alcohol in glistening plates melting 
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at 44*6®. It was converted by oxidation with potassium perman¬ 
ganate into m-nitrobenzoio acid (m. p. 139—140°), the methyl 
ester of which melted at 77*5®. 

m-Nitrobenzyl chloride was also obtained by treating nitro¬ 
benzene and monochloromethyl ether in molecular proportions with 
aluminium chloride. The yield, however, is poor, and 3 :3'-dinitro- 
diphenylmethane is the chief product. 

{a{^)-Chloro-2-mtr(>-i^-xylene (CH 3 : NO^: CHgCl = 1 : 2 :4).—The 
action of sulphuric acid containing 10 per cent, of sulphur trioxide 
on mixtures of o-nitrotoluene and the crude oil resulted in the 
formation of small quantities of this compound. The following 
method, however, was found to give a satisfactory result. 

Twenty grams of the crude oil were mixed with 20 grams of 
o-nitrotoluene, and to the clear solution 25 grams of finely powdered 
aluminium chloride were added during the course of two hours. 
The solution became darker, and heat was evolved. After remain¬ 
ing overnight, water was added and the mixture distilled in a 
current of steam, when a mixture of €D(4)-chloro-2-nitro-7?-xylene 
and o-nitrotoluene passed over, leaving a brown oil in the flask. 
The mixture was separated by distilling off the o-nitrotoluene 
under diminished pressure. 

ij}{4L)-Chloro-2-nitro-'p-trylene was also obtained by treating a 
mixture of o-nitrotoluene and chloromethyl ether in molecular pro¬ 
portions with a little more than the theoretical quantity of alum¬ 
inium chloride, and subsequently purifying by the method already 
described. There was no unchanged o-nitrotoluene, but a consider¬ 
able amount of the brown oil, mentioned above, remained after 
distillation with steam. 

The substance, after crystallisation from methyl alcohol, melts 
at 46®. It has a violent action on the skin, and the vapour attacks 
the eyes and nose. It is readily soluble in benzene, chloroform, 
acetone, or ethyl alcohol. 

Found: 01 = 19*07. 

CgHg 02 NCl requires 01 = 19*11 per cent. 

The position of the ohloromethyl group was determined (i) by 
converting a portion of the material into 2 -nitroterephthalic acid 
by oxidation with potassium permanganate; (ii) reduction with 
tin and hydrochloric add, by which treatment the chlorine in the 
side-chain was replaced by hydrogen and the nitro-group reduced in 
the usual way, p-xylidine (b. p. 218®) being isolated from the mix¬ 
ture. The platinichloride was analysed, and the hydrochloride, 
acetyl and ^nzoyl derivatives melted at the same temperatures as 
are recorded in the literature. 

ZiV-Dimirodi-'^tol^lmethane ,—The brown oil mentioned in the 
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above preparation solidified on cooling in ice, was ground with 
a little ethyl alcohol, and the latter decanted, the operation being 
repeated several times in order to remove traces of the chloro 
methyl compound. It crystallised from acetic acid in thin, glisten¬ 
ing plates melting at 170®. It is only sparingly soluble in hot 
ethyl or methyl alcohol, but very readily soluble in cold acetone. 
A mixture of this substance with the product obtained by treating 
o-nitrotoluene with formaldeh} ie solution and sulphuric acid 
(D.R.-P. 67001), which has been shown (Fischer and Gross, J. pr, 
ChcTn.f 1910, [ii], 82, 231) to be 3:3'-dinitrodi-p-tolylmethane, 
melted at 170®. 

3 :3^-Di7iitro-4i :4:^-diinethylbenzo2>h e7wne ,—This was obtained by 
oxidising the preceding compound with chromic acid in acetic acid 
solution at the ordinary temperature. The ketone was washed 
with dilute sodium carbonate solution, and it crystallised from 
acetic acid in yellow needles melting at 144®. 

On fusion with potassium hydroxide, it undergoes fission at the 
carbonyl group, yielding 2-nitro-p-toluio acid and o-nitrotoluene, 
which were conveniently isolated as the corresponding oxidation 
products, nitroterephthalic acid and o-nitrobenzoic acid respectively. 
The corresponding 3:3'-diamino-compound and its diacetyl deriv¬ 
ative melted at 172® and 196® respectively, as stated by Lange and 
Zufall (Anruxlen, 1892, 271, 6 ). 

m(2)-ChloroA-mtr(>-o-x7jlen^& : CHgCl; NO 2 = 1:2 :4).—The 

most satisfactory method of preparing this substance consisted in 
treating a mixture of 10 grams of p-nitrotoluene and 20 grams of 
crude oil with 50 grams of fuming sulphuric acid containing 20 per 
cent, of sulphur trioxide. After remaining overnight, the mixture 
was treated in the usual way, and to(2)-chloro-4-nitr(>o-xylene was 
finally obtained from methyl-alcoholic solution in needles melting 
at 50®. 

The same substance may be prepared by using any of the methods 
described for the preparation of to(4)-chloro-2-nitro-p-xylene, 
although the yields are not correspondingly as good. 

Found: 01 = 18*99. 

CgHg02NCl requires 01 = 19*11 per cent. 

i&i^yChloroA-niiro-o-xyleive is readily soluble in ethyl alcohol, 
benzene, or ether, but sparingly so in acetone or light petroleum, 
and its physiological action is similar to that of (o(4)-chloro-2-nitro- 
p-xylene. On reduction with tin and hydrochloric acid, it gave 
o-4-xylidine (m. p. 49®), which was identified by means of its acetyl 
derivative (m. p. 99®) and analysis of the platinichloride (Found: 
Pt=29*88. Oalc.: Pt= 29*93 per cent.). 

On oxidation with potassium permanganate, a)(2)-chloro-4-nitro- 
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£>-xylene is converted into 4-nitroplitlialio acid (m. p. 159°), from 
which 4-nitrophthalanil (m. p. 192°) was prepared. 

5 :5'-Dinitrodi-c>-iolylmethane was also isolated in the above 
reaction. It melted at 153° (Weil, Ber,, 1894, 27, 3314), the corre¬ 
sponding 5:5'-diamino-compound at 99°, and the diacetyl deriv¬ 
ative of the latter at 269°. 

5 : b^-Di/nitrohenzopherKnie-^ : 2f-dicarboxylic A cid, —This com¬ 
pound was readily obtained by oxidising the corresponding 
diphenylmethane derivative with chromic acid in acetic acid solu¬ 
tion, and subsequently treating the crude benzophenone derivative 
(which has not yet been isolated in a pure condition) with potassium 
permanganate. It crystallised from ethyl alcohol in well-defined 
needles, which did not melt at 300°: 

0-2620 gave 0*4796 CO. and 0-0568 HoO. C-49*92; H = 2*43. 

CirjHgOyNo requires C = 50 01; H = 2-34 per cent. 

On fusion with potassium hydroxide, 4-nitrophthalic acid and 
p-nitrobenzoic acid were obtained. 

In concluding, we desire to express our thanks to Professor 
Tiapworth and Dr. J. E, Myers for the kind interest they have 
taken in the research. 

The Chemical Department, 

The University, Manchester. [ Rtceivcd , March 1920.] 


LV .—A New Hydrogen Sulphide Generator. 

By Bertram Dillon Steele and Henry George Denham. 

The chief defects common to the usual laboratory forms of 
hydrogen sulphide generators are to be traced to the comparative 
slowness of the reaction between acid and sulphide, especially when 
the concentration of the acid has reached a low value. In con¬ 
sequence of this, a very large apparatus is necessary if it is desired 
to supply each member of a class with a constant supply of gas, 
and in order to attain this there is, in general, a great wastage of 
partly spent acid. In the apparatus herein described, an endeavour 
has been made to obtain (1) a rapid evolution of gas, and (2) com¬ 
plete neutralisation of the acid. 

Preliminary experiments on the effect of temperature on the 
velocity of the reaction between iron sulphide and hydrochloric 
acid were carried out in 1911 by Mr. I. Rosenblum at the sugges- 
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tiott of one of the authors, and it was soon established that the two 
desired objects could be readily attained by bringing about the 
reaction in the neighbourhood of 100°. The following apparatus 
was then designed: 

.4. is the acid-holder containing about 15 litres, B a smaller 



reservoir to retain hydrogen sulphide generated after the tap C is 
turned off, D a piece of capillary tubing, 3 cm. long and of 1 mm. 
bore, inserted to prevent a too rapid outrush of acid when the taps 
are opened, F represents a steam-jacket either of glass or of 
galvanised iron, M a wash-bottle, H a reservoir, of 26 litres oapacityi 
to receive the spent add, and k a tap through which the spent 
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acid may be readily removed. As a matter of convenience, it is 
advisable to have H sufficiently large to hold the maximum amount 
of acid required per demonstration. In order to facilitate the 
displacement of air from the vessel H by the incoming spent liquor, 
the tube L has a number of holes blown in it. The steam may be 
supplied from a 500 c.c. flask, G, and experience has shown that 
with a short air-condenser attached to J there is practically com¬ 
plete condensation of the escaping steam, so that little or no atten¬ 
tion is required. 

Mode of Operatimi .—The apparatus, F, is packed with lumps of 
iron sulphide, and the acid-holders are filled with commercial hydro¬ 
chloric acid diluted with an equal volume of water. On opening 
the tap C\ acid begins to drip on the sulphide, and. provided steam 
has been passed through the jacket for a sufficiently long period 
to ensure thorough heating of the sulphide, each incoming drop of 
acid reacts with almost explosive violence, and long before the add 
has percolated through the heated column it is completely 
neutralised. In fact, a few pieces of iron sulphide placed in the 
receiver H were found to be unacted on after the apparatus had 
been in constant use for seven months. After generation, the gas 
passes through the tap C and the wash-bottle M before distribu¬ 
tion to the students’ benches. On turning off either the tap C or 
the bench taps, the gas generated by the last few drops of acid 
passes back into the holder B and forces acid into the upper 
vessel A . 

General Bemarks ,—Hydrochloric acid (1:1) has been found to be 
more suitable than sulphuric acid, owing to the great tendency of 
ferrous sulphate to crystallise out as the spent liquor passes from 
the heated generator into the receiver, thereby causing a block. 

The apparatus of the dimensions indicated in the figure is 
sufficiently large to supply hydrogen sulphide to the bench of every 
student in a class of fifty-four, and will stand all demands made 
on it when this class is engaged exclusively on the analysis of mix¬ 
tures containing at least four bases from Groups II.4 and TLB, even 
to the extent of enabling them to prepare their own ammonium 
sulphide. As an example of the economy of the apparatus, a series 
of tests showed that the average consumption of concentrated 
hydrochloric acid per demonstration of two hours by each student 
engaged as above in Group II analysis amounted to 14 c.c., which 
was equivalent to 2300 c.c. of hydrogen sulphide at normal pressure 
and the ordinary temperatures 

Thu Djbpabtmsot or Ohemistby, 

llNiVBBsnT or Qubbnslani), 

Bbisbakb. 


[Received, Novmher 2iih, 1919.] 
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LVl .—Direct Experimental Determination of the 

Concentration of Potassium and Sodium Ions in 
Soap Solutions and Gels. 

By Cyril Sebastian Salmon. 

In a series of papers from this laboratory (MoBain, Trans. Faraday 
Soc.y 1913, 9, 99; Kolloid Zeitsch., 1913, 12, 256; J. Soc. Cliem. 
Ind., 1918, 37, 249t; McBain and Martin, T., 1914, 105, 957; 
McBain and Salmon, Proc. Roy. Sac., 1920, [^4], 97, 44; J. Awer. 
Ghem. Soc., 1920, 42, 426; McBain, Laing, and Titley, T., 1919, 
116, 1279), a theory of soap solutions has been developed which 
quantitatively correlates their high conductivity, moderate osmotic 
activity, and colloidal properties. Soaps are conceived as a type 
of a large class of substanccvs, defined as colloidal electrolytes, 
which owe their properties to the ])resence of a heavily hydrated, 
highly charged, excellently conducting ionic micelle. 

Hitherto, in the few cases where colloidal ions were envisaged, 
kataphoresis was confounded with conductivity, and to such 
colloidal ions was then ascribed a low mobility, such as that to 
be expected from a complex ion, or it is a well-known and striking 
fact that the kataphoresis of colloidal particles, and even of coarse 
suspensions, is in general almost comparable in velocity with the 
movement of a slow ion. Moreover, it was only in the few cases 
referred to that kataphoresis was interpreted as conductivity. 

The carefully substantiated data for soap solutions obtained by 
several independent and corroboratory methods force us to ascribe 
to the ionic micelle an equivalent conductivity which is even 
greater than the sum total of the conductivities of the ions from 
which it is derived. This is explained on mechanical grounds, 
making use of the principle of Stokes's law by conceiving the ionic 
micelle as an aggregation of fatty ions, such as palmitate ions, 
which have retained their electrical charges. The ionic micelle 
must include also, and is probably stabilised by, a large amount of 
neutral colloid and of hydrate water. 

It is clear that the ionic micelle must possess high electrical 
mobility, but very low mechanical mobility. Under the influence 
of electrical forces, the n\obility of the micelle is magnified in 
direct proportion to the number of ionic charges which it com¬ 
prises, whereas for purposes of diffusion the driving force is only 
that of an individual ion. 

The object of the present investigation was twofold: first, to 
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test as directly as possible the quantitative data already deduced 
by our theo-ry by a further independent method, and, secondly, to 
demonstrate this distinction between electrical and mechanical 
mobility. The method employed was that of electromotive force, 
using potassium and sodium electrodes. The results are as good 
a quantitative confirmation as could be expected. The solutions 
actually studied were potassium laurate at room tempera¬ 
ture, since it is the highest soap which gives a clear solution at 
the ordinary temperature and yet shows all the characteristics of 
a higher saturated soap, potassium and sodium oleates at the 
ordinary temperature, and sodium palmitate at 90®, since it has 
been in other respects the most carefully investigated soap. 


Experimental. 

The fatty acids used and the precautions taken in the prepara¬ 
tion of the soap solutions were similar to those descril3ed in previous 
communications. 

The amalgam for these experiments was prepared in a pure 
state by filtering potassium free from oxide through a capillary 
tube in an inert atmosphere, and distilling mercury into the pure 
metal so obtained. The apparatus used for the purpose (Fig. 1) 
is a modified form of that employed by T^ewis and Krauss (.7. 
Amer, Chem. Soc., 1910, 32, 1959; Lewis and Keyes, ihuf., 1912, 
34, 119), who were the first to measure the potentials of both 
sodium and potassium electrodes. The bulb D contains mercury 
previously purified by washing with mercurous nitrate and distilla¬ 
tion in a current of air. The apparatus is washed out with dry 
ammonia gas, and, while the gas is still streaming through, a 
clean bulb of potassium is introduced into the tube A and another 
into F, A and F are then sealed, and the apparatus is exhausted. 
The object of the potassium at F is to remove all remaining 
oxygen or water vapour. This is ensured by melting the metal 
and constantly renewing the surface by tapping the tube until a 
surface is obtained which remains untarnished. F is then removed 
by sealing at H. The apparatus is heated to 120®, the potassium 
in A melts, and is forced by the glass weight I through the 
capillary tube into the bulb which acts as a trap for any oxide 
that may have been carried along with the metal. Tubes A and 
B are removed by sealing at K, and the mercury in D is distilled 
into G by raising the temperature to 250®. The resulting amalgam 
is thoroughly mixed by shaking, and may be kept unchanged for 
long periods. 

Fig. 2 shows the type of electrode used. 4 is a reservoir for 
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the amalgam, and ia connected to the electrode chamber 7 by a 
two-way stopcock and capillary tube, B. (The two-way cock serves 
to facilitate cleaning the capillary between measurements.) 
Electrical contact is made by sealing a platinum wire through the 
capillary tube at E. The reservoir is filled by sealing the electrode 
vessel at C to the apparatus in which the amalgam is prepared, 
washing out with ammonia gas, exhausting, and then opening the 
stopcock of the amalgam vessel. After filling, the electrode vessel 


Fig. 1. 



Appcuratua for the preparation of clean potassium amalgam. 


is sealed off at (7. The calcium chloride tube serves to admit dry 
ammonia gas to displace the amalgam as it is used. 

The solution to be investigated is placed in the electrode 
chambw, 7, and amalgam admitted to the capillary tube until a 
small drop forms at H, At first this reacts slightly with the 
water, and the surface becomes contaminated with hydrogen, but 
it was found that by renewing the drop once or twice, surfaces 
could be obtained which remained clear for from ten to twenty 
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minutes. During this period the electromotive force remains 
constant, but then conunenoes to fall off rapidly. On renewing 
the surface, however, the EM,F, returns to its original value. 

The E.M.F, was measured by the potentiometer method, using 
two carefully calibrated resistance boxes (both of 111,110 ohms 

Fia. 2. 



total resistanoe) instead of a bridge wire. By keeping the total 
resistance in the two boxes 111,110 ohms and varying the ratio 
between them, measurements could be made to within less than 
one-tenth millivolt. 

The electrode potentials were measured against the iV-calomel 
electrode, using 0*2i\^-pota8sium chloride as intermediate liquid in 
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most oases. The cell measured was then of the following type, 
the arrow showing the direction of the current in the cell: 

K amalgam I i^-K laurate|0;2iV^-KCl|i\^-KCl,HgCl|Hg. 


(a) Potassium La/wratt at 25® as compared with Potassmm 

Chloride. 

Table I gives the results obtained with three concentrations. 

The values in columns in A, By C represent three different series 
of measurements carried out with different specimens of amalgam 
and of potassium laurate, and against a different normal electrode. 
The agreement between these series is sufficiently good for our 
purpose, which is to ascertain the concentration of potassium ions 
in soap solutions by direct comparison with known solutions of 
potassium chloride. 


Table I. 


EMP. (Volts.) 


Electrode 

Middle 




solution. 

liquid. 

A. 

B. 

c. 

^•K laurate 

0*2iV’.KCl. 

2*183 

2*197 

2-219 

0-5N- „ 

*$ 

219t> 

— 

2-233 

0*2V. „ 

0*62V^.KCi 

?9 

2*206 

_ 

2-245 

ft 

2*169 

2*176 

2-196 

0*2i\r. „ 

ft 

2*182 

2*199 

2-219 


Table II. 

Potassium Laurate with Different Concentrations of Potassium 
Chloride as Middle Liquid, 


E.M.F. (Volts.) 

Electrode ^ . . ^ .. 

solution. 0-2JV.KC1. 006^-KCl. OOIJV-KCI. 


N-K laurate 2*219 

O-SJV. „ 2*233 

0^2N- „ 2*246 


2*236 2*263 

2*241 2*263 

2*262 2*264 


Table III. 

I^otassium Laurate with Different Concentrations of Sodium 
Chloride as Middle Liquid. 

Middle liquid. E calc. E founcU 

0*2i^.NaCl. 2*244 2*241 

0-06JV. „ 2*266 2-264 

O-OIN^ „ 2*268 2-268 
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(b) Potassium Oleate at 18^. 

Potassium laurate had been chosen for investigation as being 
the highest member in the saturated fatty acid series which could 
be studied at the ordinary temperature. Potassium oleate, the 
salt of an unsaturated fatty acid of higher molecular weight, is 
more colloidal in its behaviour, and its colloidal properties persist 
in greater dilution than the laurate, whilst its solutions of 
moderate concentration are quite clear liquids. The highest con¬ 
centration (0‘67\^), which gave a clear solution, was therefore 
measured for comparison with potassium laurate. Determinations 
carried out with three different concentrations of potassium 
chloride as middle section are given in table IV. 

1 

Table IV. 

OlV-KCl. 005V-KC1. OOIJV-KCI. 

O'OAT-K oleate. 2*239 volts. 2*245 volts. 2*276 volts. 

(c) Sodium Palrnitatc at 90®. 

The results obtained for potassium laurate and potassium oleate 
at the ordinary temperature confirm the hypothesis of an ionic 
micelle for these solutions, but since a great part of the existing 
data for soap solutions was obtained at 90®, it was considered desir¬ 
able to obtain at least one measurement at that temperature with 
the sodium electrode. The experimental difficulty in working at 
this temperature lies in the fact that it is difficult to obtain an 
amalgam which will not react with water. It was found, how¬ 
ever, that it was just possible to obtain measurements which, 
although not very accurate, are yet sufficiently trustworthy to 
obtain at least a quantitative measurement. A iV-solution of 
sodium palmitate was selected for this measurement, since it is 
one of the most typical soap solutions and the most carefully 
investigated. 

The amalgam was prepared in exactly the same way as 
potassium amalgam. In carrying out the experiment, two middle 
sections were used of the same concentration of potassium chloride, 
one at 90® and the other (communicating with the calomel elec¬ 
trode) at the ordinary temperature, thus keeping the temperature 
gradient in potassium chloride. Connexion between the soap and 
the potassium chloride^was made by means of a fine capillary tube 
full of the latter. Table V contains the results for three different 
naiddle* sections. 




636 SALMON : SmSiOT BXPNNIMISNTAL ONTBSMlNAnON OV IMB 


Table V. 

OlA^-Ka O'OBNKa. 0‘012S^*KC1. 

^-Na palmitate... 2-263 volte. 2-272 volts. 2-296 volts. 

The electrode potentials of JV/2- and / 5-sodiuni chloride were 
also measured with O-liV-potassium chloride as middle section. 
They were found to be 2*237 and 2*261 volte respectively. 

(d) Sodium Oleate as Sol and as Gel at 18®. 

A O-GiV-solution of this soap investigated, since it can be 
obtained at the ordinary temperature in three states, namely, as 
viscous sol, a dear, transparent gel, and white, opaque curd. 

Measurements were carried out at 18® with the sol and gel by 
the method already described, but it was found impossible to 
obtain trustworthy results with the curd. Figures for the sol 
and gel are given in table VI. 


Table VT. 


Middle liquid. 

Sol. 

Gel. 

J^/6.Naa . 

2-284 

2-283 

iV/10-NaCl . 

2-296 

2-293 

iV/lOO-NaCa . 

2-316 

2-314 


It will be seen from the above table that the concentration of 
the sodium ion is the same in the sol and gel. This will be dis¬ 
cussed in another paper by Miss M. E. Laing. It is sufficient to 
say here that the calculated values of F^, Ey and Ci (see below) 
are 1*0 mhos., 21 millivolts, and 0*11 normal. The JF.M.F., 
corrected for diffusion potential, thus becomes 2*263 volts; that 
of ir/6-Bodium chloride is 2*264. From these values we obtain 
a concentration of sodium ions of O lliV^, which agrees with that 
required by the data of McBain, Laing, and Titley. Moreover, 
it should be noticed that the diffusion potential is not affected by 
the gelation of the sodium oleate. 


The Ccdcxdationr of Diffusion Potential for the Case of an 
Electrolytic Colloid, 

In the introduction above it was made clear that, except where 
an electrical field of force is the driving agent, it is the medianical, 
and not the electrical, mobility of the ionic micelle that will be 
in evid^oe. The diffusion potential will therefore depend on the 
mechanical diffusion velocity of the ionic micelle, taken in cf^'* 
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junction with that of the other ions present, for which, of course, 
mechanical and electrical diffusion velocity are identical. 

Before calculating the concentration of potassium ion from the 
measurements given, it is therefore necessary to evaluate the 
liquid potential between such solutions as potassium laurate and 
potassium chloride. This is by no means negligible, since the rate 
of diffusion of the potassium ion is many times that of the laurate 
ion or micelle. 

It was finally determined in the following manner. The 
Henderson formula for a liquid potential gives 

V • C,( f/r+TJ- C,( (7, + F,), C,( U,+ F,) ’ 

where, in the case under consideration, the concentration, C\j and 
the mobilities, and refer to potassium laurate, and (72, U 2 f 
and Fg to potassium chloride. 

Vi must be the effective diffusion velocity of the ionic micelle, 
together with that of any laurate ions present. It is not easy to 
calculate this resultant with any accuracy from previously avail¬ 
able data, but if we consider the above equation, there are only 
three unknown quantities, C\y the concentration of potassium ion 
in soap solutions, F^, and Ey the diffusion potential itself. It is 
only necessary to obtain three equations connecting these quanti¬ 
ties in order to evaluate them. This can be done by using different 
concentrations of potassium chloride as middle section, data for 
which were given in table II. The values for C\, Ey and Fp calcu¬ 
lated from these figures, are shown in table VII. 


Table VII. 


Solution. 

Fj (mhos). 

E (millivolts). 

Cl (normality). 

JV»K laurate. 

14 

17 

0-33 

0-5iV. 

18 

13 

016 

0-2N. . . 

25 

7 

0*082 


It is at once seen that Fj increases with increasing dilution. 
This is in accordance with theory, since we know that the relative 
amount of soap present as crystalloid is greater in dilute solutions 
than in more concentrated ones. In other words, the more rapidly 
diffusing laurate ion is being displaced by the more slowly 
diffusing micelle,* and in the most dilute solution, Fj, approaches 
the mobility of the former. 

* This is, of course, in the opposite direction to the effect of dilution on 
conductivity, where the displacement of the micelle by ion decreases the 
mobility, 

VOL. oxvn. 


X 
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The values of the diffusion potential are quite large and affect 
the concjentration value of the potassium ion by comparison with 
the potassium chloride so much that it was considered necessary 
to test the applicability of the Henderson formula to the present 
case before accepting these results, especially in view of the fact 
that we are giving to a meaning different from that usually 
given to it. Measurements were therefore carried out, using 
sodium chloride as middle section. The results of these deter¬ 
minations were given in table III, where, under the column 
E calc., were given the E.M,F,*s of the cell calculated from the 
value of and Fj obtained above. E found contains the experi¬ 
mentally determined values. 

The agreement between the calculated and experimentally deter¬ 
mined values is quite satisfactory, and we are therefore justified 
in accepting these values of the diffusion potential so determined 
as being trustworthy. It will be noted that the diffusibility, Fj, 
is by no means equal to zero, even for concentrated solutions where 
the ionic micelle has almost completely displaced the simple fatty 
ion. It is, indeed, quite a large fraction of the value 20*7, 
which one expects for a simple fatty ion containing from twelve 
to eighteen carbon atoms. The explanation is to be sought in the 
dissociation of soap and micelle that takes place when it diffuses 
into aqueous potassium chloride, which previously contained no 
soap. It is proposed to calculate these values later, when the 
equilibria in soap solutions containing admixtures of chlorides 
have been sufficiently investigated. It may be pointed out that 
the concentrations dealt with in the present paper are such that 
salting out does not occur at the boundaries of salt and soap 
solutions. 

It is now possible to introduce the corrected diffusion potentials 
in the measurements which McBain and Martin carried out on 
the hydrogen potential of soap solutions. This affects chiefly the 
more concentrated solutions, and the result is a diminution in 
the concentration of the alkali formed on hydrolysis, which still 
further emphasises its negligible character in concentrated soap 
solutions. The corrected results will be included in another com¬ 
munication from this laboratory. 

Dismssion of Resvlts, 

I. PotasBium Laurate, (a) Concentration of the PotoBeium Ion* 

The concentration of the potassium ion has already been 
obtained in the solution of the Henderson formula, but it can be 
calculated in another manner by comparing the EM.F., correoted 
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for this diffusion potential, with that obtained for potassium 
chloride. These values are given in table VIII. 


Table VIII. 


Solution. Corrected E.M.F, Normality of K\ 

V-K laurate. 2*202 0*33 

0-6V. „ . 2*218 0*17 

0*2N- „ . 2*238 0*082 

(0-2N-KC1) . (2*219) (0*167) 


The concentrations measured in this manner agree closely with 
those tabulated in table VII. 


(b) Comparison with Conductivity and. Osmotic Data. 

McBain, Laing, and Titley {I^c. cit.) have calculated the con¬ 
centration of potassium ion in solutions of potassium laurate, from 
cx>nductivity data, making the assumption that the laurate micelle 
has the same electrical mobility as the potassimn ion. These 
values are included in table IX for comparison with those recorded 
above, together with the total concentration of crystalloid present 
calculated from osmotic data. 


Table IX. 


Solution. 

V-K-laurate 

0-5N- 

0*2iV. 


Concentration 
of K- by 
E.M.F. 
0-33V 
017N 
0 082N 


Concentration 
of K- by 
conductivity. 
0-36V 
0176Ar 
0-065V 


Concentration of 
crystalloid by 
osmotic 
data. 

0-40N 
020N 
0*136 V 


The agreement between columns two and three is sufficiently 
close to afford confirmation of the existence of the ionic micelle 
and to justify the assumption made as to its mobility. For the 
most concentrated solutions, the conductivity value is higher than 
that calculated from electromotive force data. To bring these 
two values into agreement, it would be necessary to ascribe to the 
micelle a still greater mobility; but it is doubtful if we are justified 
in doing so, since, in general, conductivity and osmotic data do 
not closely agree. 

In the lowest concentration the conductivity value is low, and 
the difference between it and the E.M,F. value is undoubtedly 
real. This is explained by the substitution of the laurate ion for 
micelle, and consequent decrease in electrical mobility. In 
this solution, the concentration of colloid present as micelle is 
0‘038iV, and of the laurate ion 0 044ir, If we calculate an average 

X 2 
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value for ihe oombined mobility of tbe micelle and ion from the 
relation F = oFm4-(1 — a)F 2 , where a is the proportion of soap as 
micelle and (1 - o) is the proportion as ion, and Vm and F^ are 
the respective mobilities of the micelle and ion, we obtain 40*9 as 
the combined mobility. Substituting this value in the oonduc- 
* . . 41‘7 

tivity calculation, we find ® = This gives the concentration 

of potassium ion as 0 078iV', which is in much closer agreement with 
the electromotive force value. 

In i7-potassium laurate, the concentration of the total crystal¬ 
loid is 0*4J7, and that of the potassium ion 0*33, leaving only 0*07 
for all other crystalloid, including undissociated potassium laurate, 
laurate ion, and hydroxyl ion. 

In 0*2iV-potassi\im laurate, the concentration of crystalloid, 
other than K*, is 0*054^7, relatively a much greater quantity. This 
transition from colloid to crystalloid with increasing dilution is 
quite gradual and regular. 

(c) The composition of the Ionic Micelle, 

We are now in a position to calculate the approximate concen¬ 
tration of all the constituents of potassium laurate solutions. 
These are given in table X, all concentrations being expressed in 
mols. per 1000 grams of water. 


Solution. 
.AT-K-laurate 
0‘6iV. 


K-. 

0-33 

017 

0082 


Table X. 

Micelle 

Neutral 

colloid 

L'. 

KL. 

(L')«. 

{KL)m. 

004 

003 

0-29 

0-64 

002 

001 

016 

0*32 

0044 

001 

0038 

004 


It is not yet possible to determine with certainty whether the 
formula of the micelle is (LOnCH^O)^ or (KL)n(L')«(H20)*. We 
consider it most probable that part of the neutral colloid is 
absorbed in the micelle. The formula, calculated on the assump¬ 
tion that the whole is taken up, would be [(KL 2 . 2 )(L')H 20 J». 


II, Potmssium Oleate, 

The values for F^, and Cj, calculated from the data of table 
IV, are 12 mhos., 22 millivolts, and 0'19i7 respectively. The 
corrected E.M.F, becomes 2*217, and comparing this value with 
the corr^ponding E,M,F. for 0*2i7-potassium chloride, which is 
2*219 volts, we obtain O'lSfiiV for the concentration of the 
}K>ta8sium ion in O-eiT-potassium oleate. 
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The value of V j is considerably lower than that for the corre¬ 
sponding concentration of laurate; this would be expected, on 
account of the higher molecular weight of oleic acid. 

The concentration of K* deduced by McBain, Laing, and 
Tilley from conductivity and freezing-point data was 017iV^, and 
the total concentration of crystalloid 0*19^^. 

The following table contains the concentrations of all the con- 


stituents of this 

solution. 

Table XI. 



K*. 

Oleate'. 

K oleate. 

Micelle. 

Neutral colloid. 

0185 

(0003) 

(0002) 

0186 

0-416 


There is thus considerably more colloid present in potassium 
oleate than in a corresponding concentration of potassium laurate, 
the amount of soap present as crystalloid in the former being prac¬ 
tically negligible. However, the sodixim oleate contains even more 
neutral colloid than the potassium oleate, and only two-thirds as 
much micelle and alkali ion. 

III. Sodittm Palmitate at 90°. 

The values of Fj, Cj, and E work out at 29 mhos., 0*413^, and 
29 millivolts respectively. The corrected electromotive force 
becomes 2*234 volts, and comparing this with the E.M.F. for 
O ^iV-sodium chloride (2*261 volts), we obtain a concentration of 
sodium ion of 0*403^. 

The total concentration of crystalloid from osmotic data was 
0*523^, and the concentration of Na* from conductivity 0*373’'. 
From these iigures we obtain the following concentrations of all 
the constituents of 3^-sodium palmitate. 

Table XII. 

Crystalloid. Colloid. 

Na'. Palmitate'. Na palmitate. Micelle. Neutral colloid. 

0-40N 0-07N 005N 0-33N 0-66N 

The formula of the palmitate micelle, assuming that the whole 
of the neutral colloid is absorbed into the micelle, would be 
[(NaP),.,(P0(H,O)®]n. 

The concentration of sodium ion found from conductivity data 
was originally calculated by assuming the ionic mobility of the 
Diioelle to be equal to that of the acetate ion. Now this is not 

true mobility of the micelle, but is an average value, made up 
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of the mobility of the micelle and of the ion. We can, however, 
calculate the true mobility of the micelle, using the relative con¬ 
centrations of micelle and ion recorded above. We then find the 
mobility of the micelle to be 139, which is the same as the mobility 
of the sodium ion. 


Carirclvsion, 

The results of these electromotive force determinations, both 
from direction and magnitude of the diffusion potential between 
soap and potassium chloride, as here interpreted (which could be 
explained in no other way), and further by comparison with known 
concentration of potassium and sodium chlorides, supports the 
theory of colloidal electrolytes advanced from this laboratory. 

The concentrations of sodium and potassium ions sJready 
deduced from a comparison of conductivity data and osmotic 
activity are confirmed by the direct measurements here presented 
for a selection of typical cases at 18° and 90°. Gelation (not form¬ 
ation of white curd) of sodium oleate does not influence the results 
obtained. 

I wish to acknowledge grants from the Research Fund of the 
Chemical Society and from the Colston Society of the University 
of Bristol, which rendered it possible to carry out this work, which 
was commenced in 1914. 

My thanks are also due to Prof. J. W. McBain for the constant 
interest he has taken in my work. 

Thu Chemical Department, 

University or Bristol. \ Received , March 30t/i, 1920.] 


LVII .—Studies in Emulsions. Part I. A New Method 
of Determining the Inversion of Phases. 

By Shanti Swarupa Bhatnagar. 

There are two methods generally in use of determining whether 
a given emulsion is one of '"oil in water'' or water in oil,'" 
namely, the colour-indicator method due to Robertson, and the 
drop-method" due to Briggs. The former has been found un¬ 
satisfactory by Newman (/. Physical Chem., 1914, 18, 34), and 
it is also likely that the character and stability of an emulsioii 
Height be disturbed by the introduction into the system of an 
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organic substance like Sudan III, which is used in this method to 
colour the oil phase. 

Further support for this conclusion is derived from the observa¬ 
tion of Clowes (e7. Physical Chem.y 1916, 20, 445), who finds that 
organic substances have a very great effect on the size of globules 
in emulsions. The “ drop-method'' suffers a disadvantage on 
account of the fact that a single drop of an emulsion may not 
always represent the emulsion, whilst if a representative portion 
of an emulsion is shaken with a large quantity of oil or water, the 
temporary emulsion due to mechanical shaking may make it 
extremely difficult to determine the type. 

It is sometimes necessary to determine the critical point when 
one type of emulsion changes into the other. Besides the defects 
pointed out above, these methods completely fail to give a sharp 
indication of the critical point, and are therefore not quite con¬ 
venient for studying the effects of electrolytes and other sub¬ 
stances on emulsions. The method which is now described is free 
from these defects and indicates the critical point very sharply, 
and is therefore very useful for studying the changes in the 
inversion point of emulsions by electrolytes and other chemical 
agents. Besides being a general method, it is found, as shown 
further, to facilitate the study of de-emulsification and temporary 
emulsions. The emulsions can be tested by this method as a whole 
without treating separate portions by frequent removals of 
samples. 

The Method. 

The principle of the method is based on the fact that an 
emulsion of the oil-in-water type, especially when electrolytes are 
present, would have a much greater electrical conductivity than 
the other type when oil, an insulating medium, becomes the con¬ 
tinuous phase. Preliminary trials of this method were made with 
emulsions of olive oil (containing 0'5 per cent, of free oleic acid) 
and dilute aqueous potassium hydroxide solution, and the 
emulsions so formed were found to be distinctly of two types, one 
showing marked conductivity and the other very little. In a set 
of experiments in which the oil was gradually added to the 
aqueous phase, it was found, as indicated in tables I and II, that 
the conductivity decreased in a regular manner according to the 
amount of oil added until a point was reached when any further 
addition of oil produced a sudden rapid rise in the resistance of 
the emulsion. This point must be the critical point. A sensitive 
milliammeter was us^ to obtain a sharp indication of this point. 
B««ults obtained by this method were checked from time to time 
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by observations under the microscope, and were found to be in¬ 
variably correct. Some trials were also made on technical 
emulsions like margarine, and it was found that most of the 
samples examined showed very little conductivity. The distinct 
conductivity exhibited by some samples must be attributed to the 
fact that complete inversion had not taken place in these 
emulsions. 


Experimental. 

The emulsions were prepared in wide-mouthed bottles carefully 
cleaned with hot chromic acid and boiling water. One set of 
experiments was tried in which the aqueous phase was gradually 
added to the oil, and the other in which the oil was gradually 
added to the aqueous phase. Different strengths of different 
alkali hydroxides were tried. The bottles were shaken for a 
constant time after each addition in a powerful mechanical shaker, 
and the total time of shaking was also kept constant to ensure iden¬ 
tical conditions. Most of the experiments of Briggs, Robertson, 
Newman {Joe. cit.), Donnan {Zeitsch. pJiydlml. Chem.^ 1897, 31, 
42), and Clowes {Joe. cit.) were repeated and their results examined 
by this method. 

The procedure was as follows. The emulsions in the bottle, 
after suitable shaking, were examined by inserting two clean 
platinum electrodes fixed at a constant distance, and a constant 
voltage was allowed to operate for a moment to see whether the 
needle of the ammeter showed that the emulsion was conducting. 
If it showed good conductivity, the emulsion was considered of 
the oil-in-water type; if not, of the reverse type. In order to 
examine emulsions in small quantities, or a particular portion or 
sample of emulsion, the bottle was replaced by a clean T-shaped 
glass container in which two platinum wires were sealed. 


UtBulU. 

Newman's work throws doubt on the question of inversion by 
mere dilution, as he was not able to prepare an emulsion of the 
water-in-oil type with sodium hydroxide and olive oil. Robertson 
and others claim to have obtained both types. Since Newman's 
objection to Robertson's emulsion of the water-in-oil type is based 
on the argument that the colour-indicator method is defective, some 
tests were made by the electrical method to decide whether both 
types of emulsions can be formed by sodium hydroxide or sodium 
oleate and olive oil. The results are indicated in the tables. 
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Table I. 


100-Potassium hydroxide: 25 

o.c. used in each experi- 

ment. 



Olive oil containing 0*5 per cent, of 

oleio acid. 

Time for shaking, five minutes after each addition. 

Electrodes fixed, constant voltage. 



Readings of 


Olive oil. 

ammeter. 

Types. 

5 

130 

Oil in water (creams). 

10 

12-7 

99 99 

15 

12-6 

99 

20 

12-36 

99 

26 

11-86 

9 9 

30 

11-45 

99 

60 

10-65 

99 

66 

10-4 

99 

80 

10-0 


86 

01 

Water in oil (thick) 

90 

— ' 

Jelly-like. 

100 

— 

>» 


Table II. 


Potassium hydroxide 

as in table I. 


Paraffin oil (B.P.) containing 0*5 per 

cent, of oleic acid. 

Other conditions the 

same as before. 



Readings on 


Oil. 

ammeter. 

Type. 

6 

13-2 

Oil in water. 

10 

13-0 

99 

16 

12-7 

9 9 

20 

12-8 

99 

26 

12-6 

99 

30 

12-3 

99 

36 

120 

99 

37 

11-8 

99 

40 

11-7 

99 

45 

11-3 

99 

46 

01 

Water in oil. — 


Thus the electrical method shows that by increasing additions 
of oil to the alkali, a point (indicated by the arrow) is reached 
when the type changes, as is made evident by the sudden fall in 
the conductivity of the emulsion to practically zero. These falls 
are entirely different in their abruptness and suddenness from the 
fall due to the formation of emulsion or to the action of the alkali 
oa the oil. The graphs represent the changes going on before 
and at the time of inversion. It is found that the water-in-oil 
type with kerosene oil is very unstable. The emulsion shows 
no conductivity for a minute or two, and then it gradually rises 

X* 
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until it indicates its previous conductivity. The drops of water, 
as they de-eanulsify, are visible, and are seen to be constantly fall¬ 
ing to the bottom, until the emulsion undergoes complete 
disintegration. 


Effects of Bi^cdent Alkalis. 

Some experiments were tried in which solutions of barium and 
calcium hydroxides were used instead of sodium and potassium 
hydroxides. The results were very nearly the same as with uni¬ 
valent alkalis up to a certain concentration (about NjbOO), and 
the formation of the type appeared to depend only on the ratio 
of the two phases. As the concentration was increased, however, 



I. 5 c.c. of 0*1866 A’-potassium hydroxide and paraffin oil (B.P.) 

II. 26 „ 0 000933 ^-potassium hydroxide and olive oil, 

III. 10 „ 0 01866 .^T^-potassium hydroxide and olive oil. 

IV. 26 „ 0 000933 A^potassium hydroxide and kerosene oil. 

Oleic acid in each case, 0*6 per cent. 

it was found that the bivalent alkalis promoted the formation of 
the water-in-oil type of emulsion, and univalent alkalis that of 
the reverse type, that is, in concentrations greater than A^/500 
the electrolytic effect predominates over the volume-ratio effect of 
the two phases. These effects are dealt with more quantitatively 
later on. 


The Zone of Instability. 

It was found that the inversion point could be reached from 
both ends. The critical point was, however, reached in a curious 
fashion when small amouiits of the aqueous solution were added 
to large quantities of oil. A zone of instability made its appear* 
anoe, when the emulsion separated into three layers—^the top 
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showing no conductivity, the middle one showing slight con¬ 
ductivity, and the lower portion high conductivity. This zone of 
instability does not appear when the critical point is reached by 
adding oil gradually in instalments to large quantities of the 
aqueous phase. 

The probable cause is that when there is present a large 
quantity of oil containing oleic acid, and the alkali is added in 
small quantities, the soap formed at the surface between the oil 
and aqueous solution covers the surface with a thick membrane. 
This does not dissolve completely in the small amount of water 
which is present. The surface ceases to be readily mobile, and 
the spreading out is retarded. Any further additions of the 
aqueous phase simply settle down under the action of gravity until 
a sufficient amount of water is accumulated to dissolve the soap 
membrane. The emulsion, when now shaken, does not divide into 
three layers. This explanation is further supported by the fact 
that if the additions of the aqueous phase are large enough, the 
zone of instability does not seem to make its appearance. 
Quincke also found that when much alkali is added to a little 
oleic acid there are obtained oleates more readily soluble in water 
than when small amounts of alkali are used with much oleic acid. 


Stability and Closest Packing. 

Walter Ostwalda theoretical considerations on the volumes of 
the phase ratio at the critical point have been considered to be 
faulty, as Pickering (T,, 1907, 91, 2001) has been able to obtain 
emulsions of 99 per cent, of oil and 1 per cent, of water in which 
oil exists as drops and water as the continuous medium, yet 
Pickering himself notes that the phase ratios are in most cases in 
accordance with Walter Ostwald's views of closest packing, and he 
considers the volume percentage of 74'04 per cent, to be of special 
significance. Hatschek {Rep, Brit. Assoc.^ 1918) also notes that 
all emulsions which separate on standing and have a thin, watery 
residue yield a stable cream in which oil and water are in the 
ratio of closest packing, and draws the conclusion that stability 
is not complete unless the volume ratios approach the figure 
corresponding to closest packing.’' 

Robertson was able to emulsify 91-74 per cent, olive oil in 
9‘26 per cent, alkali, but the strength of the latter was almost 
SiV. He observed that with decreasing strength of alkali, the 
critical points were shifted near to the point of closest packing. 
If he had tried still weaker alkalis and stabilised his emulsion by 
following the precautions suggested by Donnan, and by adding 

X* 2 
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the phases in small instalments as advcx?ated by Bancroft, he 
would certainly have arrived at the ratio 74:26. 

The author finds that the volume percentage of 74’04 holds 
when the aqueous phase is very weakly alkaline (N/IOOO —iV'/500). 
With more concentrated alkalis, higher ratios can be obtained, and 
Robertson's results can. generally be repeated. The emidsions 
prepared with concentrated alkalis break up and a stable cream 
separates, which again has the volume ratio 74:26. 

The phase ratios at the critical point with different strengths of 
alkalis were found to be: 


Table IV. 


Amount of 
alkali. 

Amount of 
olive oil, 

0*5 per cent. 

Strength of 

Volume ratio 
at inversion 

C.c. 

C.c. 

alkali. 

point. 

25 

73*5 

0-9332sr/1000 

74 :26 

20 

58-4 

0'933JV/700 

74-5 : 25-5 

25 

72-7 

0-933V/500 

74-4 : 25-6 

20 

75*2 

0-9332^/100 

79 : 21 

10 

88-9 

0-933N/50 

89 ; 11 

It appears 

that the volume ratio 

is disturbed on 

account of the 


solid or gelatinous film which may be formed round the enclosed 
particle when concentrated alkalis are used. This solid can 
further interfere by preventing the enclosed particles from 
coalescing and assuming any other size or shape. Further agita¬ 
tions, instead of making the globules more uniform, cause irregu¬ 
larities of shape. 

Homogeneous Emulsions of Equal Particles. 

Experiments were made in order to obtain homogeneous 
emulsions of particles of uniform size, and, after a long and careful 
study, it was found possible to obtain an emulsion in which most 
of the globules were equal spheres. It has been found that the 
beet way to obtain an emulsion of this character is to select from 
a freshly prepared oil-in-water emulsion the cream which forms 
on standing undisturbed, and in which the volume ratios are close 
to 74:26. Very small quantities, from 6 o.c, to 10 c.c., were 
placed in a very carefully cleaned resistance-glass bottle and 
vigorously shaken for several hours by a powerful shaking machine. 
Samples were examine from time to time under the microscope 
until the particles were found to be very small and of nearly equal 
size. It was possible to preserve this charsk^ter of the emulsion for 
feveral hours. It was found absolutely necessary to try these 
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operations only on freshly prepared emulsions, as emulsions whidi 
were allowed to remain for a day did not give such satisfactory 
results. This may be due to the ageing of the soap film, which 
makes it harder and more like a solid. 

Three such homogeneous emulsions were prepared with different 
strengths of alkali, and measured quantities were decomposed by 
a drop of concentratc^d acid, and the volumes of the two phase* 
measured in the measuring tube. The values of these, calculated 
from the radii of the globules on the assumption of closest pack¬ 
ing and obtained practically, are tabulated in table V, and show a 
very fair agreement. 

Table V. 


Oil phase calculated from the equation for closest packing, 

4^2xr® Total volume , r i i 

—-, where r = radius of the globules. 

47r/3f» Oil phase ^ 


Emulsion. 

Total 

volume. 

C.c. 

strength of 
potcMsium 
hydroxide. 

Radii of 
uniform 
particles. 
Mm. 

Oil phase 
observed. 
C.c. 

Oil phase 
calculated. 
C.c. 

I. 

7 

0-933iV/600 

00075 

6*09 

5*1 

II. 

5 

0-933Ar/700 

00070 

3-7 

3-69 

in. 

5 

0-933Ar/1000 

00065 

3-6 

3-69 


The results indicate that a weaker alkali yields a homogeneous 
emulsion of smaller globules. The size of the globule seems to 
depend on the concentration of the alkali if the shaking is 
constant. More work is necessary to establish this, and no con¬ 
clusions can be drawn until sufficient data are available. It is 
intended to carry out further work on this important point by 
preparing larger quantities of homogeneous emulsions. 


Effects of Electrolytes oti Emulsions, 

Clowes {loc. cit.) has demonstrated that suitably constituted 
emulsions of oil dispersed in water can be transformed into the 
reverse type of emulsions by shaking with a sufficient amount of 
calcium chloride or other calcium salts. He obtained some 
quantitative data, but his results are not sufficiently accurate on 
account of the method by which he studied inversion. A foreign 
substance like Sudan III had to be added, and the quantity of 
the emulsion was sensibly affected by the frequent removal of 
drops for examination under the microscope. 

To ensure identical and comparable conditions, equal volumes 
paraffin oil (B.P.) and water were used in all the following 
oxperimente. The paraffin oil contained 1 per cent, of oleic add, 
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1 per oetnt. ateario and linoleic acids being also used. Emulsions 
were prepared in tlie mechanical shaker by shaking together equal 
volumes of oil and water in which varying proportions of potassium 
hydroxide and electrolytes were added previous to emulsification. 
The volume of water and oil was always kept the same. A few 
results are tabulated below, the details and fuller discussion being 
reserved for a later contribution. 


Table VI. 


Effect of potassium hydroxide and barium nitrate on the 
emulsion equilibrium. 

Volume of aqueous phase constant, 10 c.c.; volume of oil, 10 c.c. 
Figures in the ammeter column; oil-in-water type. 

0—1 = inversion point. 

0 = water-in-oil type. Voltage constant. Electrodes fixed. 
Volume of 

Af/60-KOH ^ 
c.c. 0*2 

1 0—1 

2 10-2 

3 11-2 

4 121 

6 130 

6 14*1 


Volume of M/SO-Ba^NOjlj m c.c. 

0-4 0-6 0-8 To 1*4 

0 0 0 0 0 0^ g 

0—1 0 0 0 0 0 a E 

10*8 0~1 0 0 0 Olig 

11*2 10*7 0—1 0 0 

12*7 11*8 10*9 0—1 0 0 § 

13*0 12*8 17*1 10*7 0—1 Oj ST 


Table VII. 


Different Strength of the mine Electrolyte. 


Volume of 
Af/lO-KOH 
c.c. 

1 

2 

3 

4 

5 

6 


Volume of Af/10-Ba(NO8)g in c.c. 


0*1 

0*25 

0*3 

0*4 

0*6 

0-8 

1*0 

12*1 

0—1 

0 

0 

0 

0 

0 

130 

12*7 

11*9 

11*0 

0 

0 

0 

13*9 

13*0 

12*3 

11*9 

11*0 

0—1 

0 

14*6 

13*7 

130 

121 

11*7 

— 

— 

15*6 

14*7 

13*9 

13*0 

12*1 

11*9 

11*7 

16-3 

16*3 

14-8 

14*0 

13*0 

12*0 

11*7 


Table VIII. 



Linoleic Acid substituted in Place of Oleic Acid in Oil. 


Volume of Volume of JIf/10-Ba(NO,)« in c.c. 

iU/lO-KOH ----- 


c.c. 

0*1 

0*26 

0*3 

0*4 

0*6 

0*8 

1*0 

1 

121 

0—1 

0 

0 

0 

0 

0 

2 

13*1 

0—1 

0 

0 

0 

0 

0 

3 

13*9 

13*0 

12*8 

0—1 

0 

0 

0 

4 

14*2 

13*1 

12*8 

11*9 

0 

0 

0 

5 

15*3 

14*8 

13*2 

12*9 

0—1 

0 

0 

6 

16*3 

16*9 

14*1 

13*4 

12*6 

0—1 

0 



Other conditions as in tables VI and VII. 
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Clowes {loc, cit.) finds that emulsions of oil in water are pro¬ 
duced whenever there are more than four molecules of sodium 
hydroxide to one of calcium chloride, emulsions of water-in-oil 
type whenever there are less than four molecules of the former to 
one of the latter, whilst at those points at which the ratio of 
sodium hydroxide to calcium chloride is exactly 4:1, neither type 
of emulsion predominates. The results indicated in tables VI or 
VII and VIII show that the ratio of potassium hydroxide to 
barium nitrate is exactly 4:1 in concentrations ranging from 
J//10-potassium hydroxide upwards. In lower concentrations the 
ratio is increased; for example, at AT/50-potassium hydroxide it is 
about- 5:1. Even the acid in oil appears tx> have some effect on the 
inversion point; for example, in table VIII, when linoleic acid is 
substituted for oleic acid, the ratio between potassium hydroxide 
and barium nitrate molecules is as 2:1. Employing this method, 
it will be easy to obtain much information on the effects of electro¬ 
lytes on emulsion equilibrium in different concentrations and with 
different fatty acids. 

These are effects the study of which is of great importance for 
a general theory of emulsification. 

When de-emulsification takes place, the two phases separate and 
do not form an emulsion. De-emulsification is not easily and 
immediately detected by the eye, or by the methods of identifica¬ 
tion previously known. The electrical method is capable of 
indicating at once whether de-emulsification or coagulation has 
set in. If, on adding oil to an emulsion, it is found that the con¬ 
ductivity is increasing instead of decreasing, it is clear that the 
process of emulsification has stopped and the oil and the aqueous 
phase are separating, that is, de-emulsification has set in. 

Further work on the effects of electrolytes on the emulsion 
equilibrium and the physical properties of emulsion is in progress. 


Summary. 

(1) A new method for the determination of inversion of phases 
and the identiffoation of the two types of emulsion is described. 

(2) Quantitative data on the effects of a few electrolytes on 
emulsion equilibrium have been obtained. 

(3) The inversion point has been accurately determined with 
various oils and alkalis. 

(4) It has been established that both types of emulsion are 
formed by sodium hydroxide and olive oil, and by sodium 
hydroxide and paraffin oil. 
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(5) Homogeneous emulsions have been obtained, and the equa¬ 
tion for closest packing appears to hold in them. 

(6) The effect of different fatty acids on the emulsion equilibrium 
is indicated in passing, details being reserved for a later contri¬ 
bution. 

(7) It is shown that with weak alkali hydroxides the conditions 
governing the formation of type are dependent only on the phase 
ratio, and the special nature of the emulsifying agent exerts an 
effect only in high concentrations. 

The author has pleasure in thanking Prof. F. G. Donnan for 
suggesting this research, and for his valuable guidance and kindly 
interest throughout the work. His thanks are also due to Mr. 
Higson for measuring the size of particles in homogeneous 
emulsions. 

Physico-Chemical Laboratory, 

University College, London. [Hecnved, April 16t^, 1920.] 


LVIII .—The Decomposition of Nitric Esters by Lime. 

By Thomas Martin Lowry, Kendall Colin Browning, and 
Joshua William Farmery. 

Earlier Work on the Decomposition of Nitric Esters. 

The decomposition of nitric esters by water, acids, and alkalis has 
been investigated by many workers. 

{a) Van Kerckhoff and Reuter (/. pr. Chem.^ 1847, 40 , 262) 
studied the decomposition of “pyroxylin’' or nitrocellulose by 
steam at 100®, and obtained as a principal product a “ typhoxylin ” 
or “cellulose dinitrate” containing 6*66 per cent, of nitrogen; 
they also record the separation of a lead salt, which was almost 
certainly identical with the lead hydroxypyruvate prepared by a 
similar method and described in detail by Will forty-four years 
later {Ber.^ 1891, 24 , 401); by heating pyroxylin with potassium 
hydroxide at 60®, potassium nitrate, potassium nitrite, and a sugar 
were formed. 

(6) The production of potassium acetate and potassium formate, 
t^ether with potassium nitrate and potassium nitrite in the ratio 
KN0s:2KN02, was recorded by Hay (Mon. Sci.f 1873, [iii], 16, 
424), who accounted for the fact that five molecules of potassium 
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hydroxide were required for the decomposition of one molecule of 
nitroglycerin by putting forward the equation 

CjjH ANs + 5 KOH = KNOj + 2KNO2 + CHg-COoK + 

H-COaK + SHoO. 

(c) Berthelot (Compt. rend., 1900, 131 , 519) described the pro¬ 
duction of poljonerisation-products of aldehyde by the action of 
solid potassium hydroxide on ethyl nitrate, and put forward (only 
to reject it in favour of an alternative view) the suggestion that 
the formation of nitrites in the action of potassium hydroxide on 
nitroglycerin might be due to a decomposition of the nitric ester 
into glyceraldehyde, as shown in the equation 

C 3 H 5 (N 03)3 -f 3 KOH = C3H6O3 + 2KNO3 -f KNO2 + HoO. 

{d) Silberrad and Farmer (T., 1906, 89 , 1182, 1759) also detected 
acetic and formic acids, with nitric and nitrous acids, amongst the 
products of decomposition of 100 kilograms of nitrocellulose which 
had been stored at 54^ during a period of twenty-three weeks; in 
addition, they proved the presence of ethyl nitrate, ethyl nitrite, 
and alcohol (perhaps derived from the alcohol-ether mixture used 
as a solvent in gelatinising the nitrocellulose), of butyric, dihydr- 
oxybutyric, oxalic, tartaric, and iVosaccharic acids, and of a 
fermentable sugar, but they did not find either glycerol or cellulose 
amongst the products of decomposition of cordite by water or in 
presence of alkalis. 

{e) Berl and Delpy (Ber., 1910, 43 , 1421), by the action of 
alcoholic potassium hydroxide on nitroglycerin, obtained a glyceryl 
aa'-dinitrate, but were unable to detect either the mononitrate or 
glycerol itself. 

(/) Klason and Carlson (Ber,, 1906, 39 , 2752), by the action of 
alcoholic sodium hydroxide on nitroglycerin in the presence of 
phenyl mercaptan, were able to recover glycerol, the mercaptan 
being oxidised to phenyl disulphide; by the same method they 
obtained from nitrocellulose a sample of cellulose of correct com¬ 
position and free from nitrogen, whilst under similar conditions, 
ethyl nitrate gave the nitrate and nitrite of the alkali, but no 
trace of polymerised aldehyde. These observations are in line 
with the well-known fact that glycerol can be recovered from 
nitroglycerin by the action of sodium sulphide. A similar action 
to that of phenyl mercaptan is observed when hydrogen peroxide 
is added to the mixture (Carlson, Ber., 1907, 40 , 4191); the 
hydrogen peroxide acts here aa a reducing agent, just as it does 
towards potassium permanganate, and gaseous oxygen is liberated 
as a by-product. 
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Products of Decomposition of Cordite by Lime. 

During the early months of 1919, the authors of this paper had 
an opportunity of examining the products obtained by the decom¬ 
position of corditei by means of lime in the presence of pyridine. 
The use of pyridine as a catalyst in this action was discovered by 
Prof. Hodgkinson, and no other substance is known which is equally 
effective in promoting the controlled decomposition of cordite. 
The product is a brown sludge, which can be dried in thin layers 
on a hot plate to a hard, brittle, porous mass resembling ginger- 
biscuits. Drying on a large scale is more difficult, but when the 
sludge is eVaporated at a low temperature until it contains only 
^.bout 17 per cent, of water, it solidifies on cooling, probably owing 
to the crystallisation of calcium nitrate in the form of the tetra- 
hydrate, Ca(N 03 ) 2 , 4 H 20 , or the basic compound, 
Ca(N03)2,Ca0,3H20 

(Bassett and Taylor, T., 1914, 106, 1926); after casting, the solid 
product will dry spontaneously in a warm atmosphere, and can 
then be powdered without difficulty. 

In addition to ammonia and the oxides of nitrogen, which escape 
during the decomposition, the following products have been 
detected in the sludge: 

{a) Cellulose Trinitrate,** —When a half-decomposed cordite 
sludge is extracted with water and acid, and the dried residue is 
warmed with 95 per cent, alcohol and filtered, the addition of 
water to the alcoholic solution causes the precipitation of a 
yellowish-white, viscid precipitate, which contains N = 9*6 per cent, 
and is highly inflammable. A similar substance has been described 
by Angeli {Atti R, Accad, Lined, 1919, [v], 28, i, 20), who 
obtained it by the addition of water to a solution of gun-cotton 
in pyridine (compare also Berl and Fodor, Zeitsch, ges, Schiess.” 
u. Sprmgstoffw,, 1910, 6, 254, 269). The formula Ci 2 Hj 707 (N 03)3 
requires N = 915 per cent. 

(5) Cellulose Dinitrate.** —^Analysis by the Schultze-Tiemann 
method of black charred rods remaining undecomposed after 
thirty-three hours' treatment with an insufficient supply of lime 
showed the presence of 6*7 per cent, of nitrogen as compared with 
12*2 per cent, in the original nitrocellulose. The composition of 
this residue agrees in a remarkable way with the figure obtained by 
van Kerckhoff and Reuter {loc, cit,). The percentage of nitrogen 
required for the formula Ci2H3303(N08)2 or C 3 H^ 04 *N 03 is 6*76. 

Prom these observations, it appears probable that the nitro¬ 
cellulose, which contains originally four or five NOg-groups for 
every twelve carbon atoms, is hydrolysed in suooeesive stages to 
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compounds containing three and two nitro-groups, but that after 
this point has been reached, the molecule decomposee completely. 

(c) Glycerol. —Prof. Hodgkinson had already shown that 
glycerol could not be extracted as a by-product from the residues 
obtained from the decomposition of cordite by lime and pyridine. 
Careful tests for the presence of glycerol were, however, carried 
out, in order to ascertain whether the toxicity to plants, which 
Dr. Russell reported in some of the earlier products, might not 
be due to the presence of glycerol in quantities insufficient for 
commercial recovery. A highly toxic solution obtained after 
forty-eight hours’ treatment was found to contain no glycerol, and 
its toxicity was traced to the hydroxypyruvic acid which it con¬ 
tained (see below). A similar negative result was obtained on 
examining a sludge which had been heated during a period of only 
ten hours, at which stage practically all the nitroglycerin had dis¬ 
appeared, whilst most of the nitrocellulose was left unattacked in 
the form of brittle, porous rods. 

In order to determine whether glycerol could be detected 
amongst the earliest products of decomposition, a special batch of 
sludge was prepared by heating, for one hour only at 95^ to 100*^, 
450 grams of cordite clippings with the usual proportion of quick¬ 
lime (225 grams), but using a very large excess of pyridine, namely, 
4 litres of a 6 per cent, solution, that is, 44 per cent, of pyridine 
on the weight of cor'dite used instead of the usual proportion of 
0*5 per cent. The decomposition was extremely rapid and com¬ 
plete; no traces of cordite could be seen at the end of one hour, 
and it was estimated that the action had proceeded at least as far 
as in twenty-four hours of treatment under ordinary conditions. 
The filtrate from this sludge was tested for glycerol, and traces of 
this compound were detected by the following tests: 

(i) A drop of phenolphthalein was added to a 6 per cent, solu¬ 
tion of borax; on adding the suspected liquid, the red colour was 
discharged, and, on boiling, it partly returned. 

(ii) On heating the dry residue with potassium hydrogen 
sulphate, the choking odour of acrolein was noticed. 

(iii) On heating with alkaline potassium permanganate, a partial 
reduction occurred. 

(r/) Calcium Nitrate and Nitrite .—A sample of sludge prepared 
by a similar method from 900 grams of cordite (with 22 per cent, 
of its weight of pyridine), after one hour’s heating, gave for the 
first time an excellent yield of colourless, crystalline calcium 
nitrate. It is therefore possible that the action of pyridine on 
cordite differs from that of alkalis and of lime in giving an appreoi- 



566 


liOWBY, BROWNING, AND FARMBBY : 


able quantity of tbe products of direct hydrolysis, namely, glycerol 
and nitrates, and a much smaller proportion both of nitrites and 
of oxidised organic compounds; in other words, the decomposition 
by pyridine may perhaps be compared with that effected by alkali 
sulphides rather than by alkali hydroxides or by lime. The 
presence of nitrites is shown by the invariable liberation of oxides 
of nitrogen on acidifying the sludge. 

(e) Oxalic Acid. —The fraction of the calcium salts which was 
soluble in hot dilute nitric acid, but insoluble in acetic acid, gave, 
after prolonged purification, a crystalline specimen of oxalic acid. 
A quantitative test by oxidation with potassium permanganate 
indicated that the calcium salts insoluble in acetic acid contained 
62 per cent, of calcium oxalate. 

(/) Formic and Acetic Acids. —Qualitative tests for these two 
acids gave in each case a positive result in only one of the test® 
applied, the other tests giving negative results. It is therefore 
clear that they can only have been present in very minute propor¬ 
tions, and that Hay’s equations represent only a very minor part 
of the particular decomposition which we have studied. 

{g) Hydroxypyrnvic Acid, H0*CH2*C0*C02H.—After calcium 
oxalate and calcium nitrate and nitrite, the calcium salt of this 
acid appears to be the most important product of decomposition. 
Will prepared it by the decomposition of nitrocellulose, and it does 
not appear to have been described as a separate product of decom¬ 
position from nitroglycerin; on the other hand, the fact that it 
appears at a very early stage in the decomposition of cordite by 
lime and pyridine, and tends to disappear during the latter part 
of the decomposition, suggests that in this action it may be derived, 
at least in part, from nitroglycerin, to which it can be related by 
very simple equations. 

Hydroxypyruvic acid was found to be present in every case in 
which the products of decomposition of cordite were reported as 
having a toxic action on plant®, and a specimen of the calcium 
salt sent to Rothamsted for trial was reported as being extremely 
toxic. The presence of the acid was confirmed by preparing the 
osazone. 

(A) fiy-Dihydroxyhutyric Add. —^The residue from the pre¬ 
paration of the osazone, after removing the excess of phenyl- 
hydrazine by extraction with ether, caii be re-precipitated as a 
lead salt and then converted into a calcium salt. This has the 
properties of the calcium salt of dihydroxybutyric acid (Silberrad 
and Farmer, loc. cit.)^ that is, the calcium salt is soluble, but gives 
an insoluble lead salt and does not yield an osazone; unlike the 
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hydroxypyruvate, this calcium salt was proved not to be toxic to 
plaiite. 

The two calcium salts described under {g) and {h)y instead of 
appearing as mere traces, like the formate and acetate, are often 
formed in considerable quantities, and in one experiment alone a 
test-tube full of the mixed lead salts was separated. 


Decomposition of Nitric Esters not a Simple Hydrolysis. 

The object of bringing forward these observations and com¬ 
paring them with earlier work on the same subject is to direct 
attention to the wide divergence between the experimental facts 
and the traditional theory in which the decomposition of nitric 
esters by alkalis is described as if it were a normal case of the 
hydrolysis of an ester complicated only by secondary processes of 
oxidation and reduction of the primary products. 

The absence of glycerol as a product of decomposition of cordite 
is specifically referred to by Silberrad and Farmer, who made 
experiments under a variety of conditions, and also by Berl and 
Delpy in their study of the action of alcoholic potassium hydroxide 
on nitroglycerin. Prof. Hodgkinson also noticed at a very early 
period of his experiments that glycerol cannot be recovered as a 
product of the decomposition of cordite by lime in the presence 
of a small proportion of pyridine. Our own experiments fully 
confirm this conclusion, and a recent French patent, in which it 
was claimed that glycerol as well as sodium nitrate could be 
recovered from the products of the action of sodium hydroxide on 
mixtures of nitrocellulose and nitroglycerin “ by the ordinary 
methods of the soap-manufacturer,” was based on experiments with 
nitrocellulose powders only, and must be regarded as evidence 
rather of the optimism of the inventor than of the actual behaviour 
of nitroglycerin towards sodium hydroxide. The general experi¬ 
ence seems to be that, in the absence of a reducing agent, glycerol 
is not regenerated. 

This anomalous behaviour of nitroglycerin is repeated in nitro¬ 
cellulose, which does not^give any cellulose when decomposed by 
water or by alkalis (Silberrad and Farmer), as well as in simpler 
compounds, such as ethyl nitrate. 

In order to account for this anomaly, whilst maintaining the 
view that the fundamental action is a hydrolysis or saponification 
of the normal type, a number of hypothetical reactions have been 
postulated. Thus, Silberrad and Farmer found it somewhat 
surprising that no unchanged cellulose or glycerol should be 
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regenerated an hydrolysis, for if nitric acid is brought into contact 
with cellulose or glycerol in the concentrations which come into 
consideration in the hydrolysis, no oxidation occurs/' They were 
therefore driven to the conclusion “ that the nitric acid which has 
just been set free from the nitric ester is in a more active condition 
than nitric acid in its ordinary form/' 

In a similar way, Hay explained the production of potassium 
nitrate, nitrite, acetate, and formate by the action of potassium 
hydroxide on nitroglycerin as due to three consecutive actions, the 
second of which (a decomposition of glycerol by potassium hydr¬ 
oxide) is purely hypothetical, thus: 

(i) A primary hydrolysis producing glycerol and potassium 
nitrate according to the equation 

C 3 H 5 (N 03)3 + 3KOH = C 3 H 3 O 3 + 3 KNO 3 . 

(ii) A hypothetical action, whereby the glycerol was converted 
by the action of the alkali hydroxide into potassium acetate and 
formate, together with water and nascent hydrogen," 

C 3 H 8 O 3 + 2K0H = CH3-C02K + H-COgK + HgO + 4H, 
using up two additional equivalents of potassium hydroxide (above 
those required for hydrolysis), as observed in his experiments. 

(iii) A reduction by the nascent hydrogen of two-thirds of the 
potassium nitrate already produced, 

2 KNO 3 + 4H = 2 KNO 2 + 2 H 2 O. 

Alternative Explcmations of the Decomposition of Nitric Esters, 

{a) As an alternative to the hypothetical “hydrolysis" repre¬ 
sented by the equation 

R-CH^-O-NOg KOH = R-CHg-OH + KNO 3 , 

Vignon and Maquenne {Ann, Chirn, Fhys.^ 1891, [vi], 24, 522) 
have assumed the intermediate formation and decomposition of an 
isomeric nitrite, R*CH(0H)*0*N0, which, by direct hydrolysis, 
would give rise to nitrous acid and a dihydroxy- (or carbonyl) 
compound, so that, for instance, the conversion of nitrotartaric 
acid into dihydroxy tartaric acid may be* represented by the follow¬ 
ing scheme: 


H0*9H‘C0,H 

N0,*0-CH-00,H 

HO‘OH-0O,H 

N0,-0-0H-C0,H 

22 :^0.00,H 

gg>0-C0,H 

1 

I 


gg>U-(X>,H 
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This hypothesis has th© disadvantage that no evidence has been 
produced of the concrete existence of th© isomeric nitrite, and on 
many grounds w© prefer the alternative views set out under ( 6 ) 
and (c) below. The paper is, however, important on account of 
the clear recognition by th© authors of th© fact that the decom¬ 
position of a nitric ester by an alkali may yield a ketone and a 
nitrite, instead of giving an alcohol and a nitrate as the primary 
products of decomposition. 

(^>) This alternative hypothesis was put forward in its simplest 
possible form in 1900 by Berthelot, who suggested that the decom- 
])osition of a nitric ester may proceed according to th© equation 
R-CHa-O-NOg + NaOH = R-CHO 4 - NaNOg + HgO, 
in place of the traditional equation 

R-CHo-O-NOo + NaOH = R-CH.^-OH + NaNOg. 

Our own experiments, confirming as they do the observations of 
earlier workers, indicate that Berthelot s equation actually repre¬ 
sents the main course of the decomposition; indications of a real 
hydrolysis are apparently confined to the production, as by-pro¬ 
ducts, of partly hydrolysed compounds, such as Berl and Delpy’s 
dinitrat© and the lower cellulose nitrates described in the early 
part of th© present paper. 

(f) An elaboration of Berthelot’s view was put forward a few 
years later by Klason and Carlson (loc, cit.), who suggested that 
the primary products are not th© alcohol and a nitrate, thus: 

CgHs-O-NOg -f KOH = CgHs'OH -f KNO 3 , 
but an alcohol-peroxide and a nitrite, 

C^jHs-O-NOo -h KOH = CaHr/O-OH KNOg. 

In the ordinary course of ©vents, the peroxide will decompose into 
an aldehyde and water, 

CH3-CHs.- 0-0H = CHa-CHO + H^O ; 
but when a reducing agent, such as phenyl mercaptan, is present, 
the peroxide is reduced to th© alcohol and th© mercaptan is oxidised 
to phenyl disulphide, 

CH3-CH2-0-OH + 2CeH6-SH=C3Ha-CH2-OH+ H^O-f (C0H5)2S2. 

In the same way, when hydrogen peroxide is present, th© peroxide 
may be reduced to th© alcohol, as shown in the equation 

CHfi-CHg-O-OH -f H2O2 = CHg-CHa-OH + H2O -f Og. 

(d) If it be assumed that th© primary decomposition of a nitric 
ester yields either a peroxide or an aldehyde, together with a 
nitrite, insteawl of an alcohol and a nitrate, it is easy to account 
lor many of th© products which have actually been obtained by 
the decomposition. Thus, in the case of nitroglycerin, complete 
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decomposition on these lines would give rise to a compound con¬ 
taining three carbonyl groups: 

C 3 H 5 (N 03 ) 3 =CH 0 -C 0 -CH 0 + SHNOg. 

From this intermediate compound, mesoxalic acid, reported by 
Berl and Delpy as a product of hydrolysis of nitroglycerin by 
alcoholic potassium hydroxide, could be produced by the normal 
oxidation of an aldehyde to an acid, 

CO(CHO)o + Oa=CP(C02H)o; 

the further oxidation of mesoxalic acid would yield oxalic acid, a 
principal product of decomposition in the case which we have 
studied. Hydroxypyruvio acid (the formation of which has, how¬ 
ever, been recorded only in the case of nitrocellulose and of cordite, 
and not from pure nitroglycerin) could be produced by a mere 
addition of the elements of water to the intermediate product 
formulated above: 

CO(CHO)2-f H^O = H0*CH2-C0-C02H. 

(e) In our experiments, the decomposition of nitroglycerin into 
acetic and formic acids takes place only to a very minute extent. 
The formation of traces of formic acid from the oxidised com¬ 
pounds set out above can be explained readily, but the production 
of acetic acid is a far more startling type of decomposition, since 
the formation of the methyl group in acetic acid necessarily 
involves a process of reduction in a medium in which the condi¬ 
tions appear to favour the oxidation rather than reduction of the 
organic constituents. It is conceivable that acetic add and formic 
add may be produced by the decomposition of pyruvic acid, formed 
by reduction from hydroxypyruvio acid, 

CHa-CO-COgH + 2KOH ^CHj-COgK + H-COaK -f H^O. 

There is, however, more evidence for the decomposition of this add 
into aoetaldehyde and carbon dioxide, 

CH3-C0-C02H=CH3-C0H + CO 2 , 

a change which has been postulated as an essential stage in 
alcoholic fermentation. In any case, the simultaneous oxidation 
and reduction which leads to the conversion of dextrose into carbon 
dioxide and alcohol finds strong analogies in the production, not 
only in the case of acetic add, but also of butyric and dihydroxy- 
butyric adds as products of the decomposition of nitrooellul^^ 
since both of these adds agree with acetic acid in containing a 
fully-reduced methyl or methylene group. 
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Summa/ry. 

( 1 ) Hydrolysis or saponification of the normal type is not the 
predominant action when cordite is decomposed by lime in the 
presence of pyridine. 

(2) Traces of glycerol were detected only when a very large 
excess of pyridine was used; these conditions were also the only 
ones in which a clean, crystalline calcium nitrate was obtained. 
The calcium salt of hydroxypyruvic acid is, however, an important 
product of the action. 

(3) Two partly denitrated celluloses, corresponding approxim¬ 
ately with the formulee Ci 2 Hig 0 g(N 03)2 and Cj 2 Hi 707 (N 03 ) 3 , were 
obtained as by-products of incomplete decomposition, but no 
cellulose was obtained when the decomposition was carried to 
completion. 

(4) It is therefore suggested that the main action is a decom- 
jKwition of the nitric ester into a ketone or aldehyde and a nitrite, 
instead of a hydrolysis to an alcohol and nitric acid. 

Gina’s Hospitai:*, 

London, S.E. February 23rrf, 1920.] 


LIX .—Note on the Constituents of Morinda 
citrifoKa. 

By John Lionel Simonsen. 

Although a number of investigations have been made of the con- 
stituenta of Morinda citrifolia (compare T., 1918, 113 , 766), parti¬ 
cularly by Oesterle, alone or in conjunction with Tisza (.4rc//, 
Pharm.y 1907, 245 , 287, 534; 1908, 246 , 150), no detailed exam¬ 
ination of the root-bark of this species comparable with those con¬ 
ducted by Perkin and Hummel (T., 1894, 66, 851) on M. umhellaia 
and by Barrowcliff and Tutin on M, longifora (T., 1907, 91 , 1909) 
has yet been made, and the author haw thought it desirable to under¬ 
take this work. 

It is necessary here to draw attention to a curious error in 
Barrowcliff and Tutin's communication. The hydroxymethoxy- 
methylanthraquinone, melting at 290®, isolated by them, which 
yielded an acetyl derivative melting at 173®, is not, as they state, 
derived from 1:3-dihydroxy-2-methylanthraquinone, but is the 
monomethyl ether of rubiadin, since on hydrolysis it yielded a 
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dihydroxymethylanthraquinone, melting at 290°, which gave an 
acetyl derivative melting at 225° (compare Sdiunck and Marchlew- 
ski, T., 1894, 66, 182). 1:3-Dihydroxy-2-methylanthraquinone also 
melta at 290°, but yields an acetyl derivative melting at 217—218°. 
It follows, therefore, that the hydroxymethoxymethylanthraquinone 
obtained by Barrowcliff and Thtin must be represented by either 
formula I or II, whilst the so-called 1: 3>dimethoxy-2-methylanthra- 
quinone is rubiadin dimethyl ether, 1:3-dimethoxy-4-methylanthra- 
quinone. 
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The material available for investigation was the residue remain¬ 
ing after the extraction of morindin (T., 1918, 113, 766). 

Only two substances, namely, rubiadin monomethyl ether and 
alizarin a-methyl ether, could be isolated from the complex mixture 
which contained much resinous matter. The rubiadin monomethyl 
ether was identical with the substance isolated by Barrowcliff and 
Tutin from M. longifiora, and so far as the author is aware this 
substance has not been obtained from any other source. Alizarin 
Ormethyl ether was first isolated by Perkin and Hummel (T., 1893, 
63, 1174) from Oldenlandia umbtllaia, and subsequently prepared 
synthetically by Oesch and Perkin (P., 1914, 30, 213), whilst 
Barrowcliff and Tutin obtained it from M, lorigiflora. 

The identity of the constituents of the root-bark of two plants so 
closely related as M, citrifolia and M, longiflora is of considerable 
interest. It is possible that the latter might at some period of its 
growth contain morindin, since the quantity of this glucoside 
appears t-o vary with the age of the bark. Thus the author has 
recently examined a specimen of M, umbellata which was quite free 
from colouring matter. 


Expebimental. 

The material used for investigation was obtained by the acidifica¬ 
tion of the cold and hot water extracts of the sparingly soluble 
barium salt of^morindin (compare Perkin and Hummel, loc. cit., 
p. 858). The amorphous, yellow precipitates obtained in this way 
were examined separately, but as the constituents were found to be 
identical, except that the product precipitated from the hot water 
extract contained a large quantity of uncrystallisable resiiK^us 
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matter, it is only necessary to describe in detail the investigation of 
the products isolated from the cold water extract. 

The deep red aqueous solution of the barium salt was acidified 
with dilute hydrochloric add, the solution boiled, and the floccu- 
lent, yellow precipitate allowed to settle, collected, and drained. 
After finely grinding and sifting, it was extracted with ether.* 
The ethereal extract was concentrated when, on keeping, a small 
quantity of a yellow solid (.1) separated. This was collected, and 
the filtrate evaporated to dryness. The semi-solid residue was dis¬ 
solved in the minimum quantity of hot methyl alcohol and allowed 
to remain for some days, when a yellow solid (B) was slowly 
deposited. This was collected, and the filtrate (C) reserved for 
further investigation (see below). 

The yellow, semi-crystalline substances, A and j5, which melted 
indefinitely at about 210^, were mixed and repeatedly crystallised 
first from alcohol and finally from acetic acdd. In this manner 
golden-yellow needles were obtained which melted at 291® (01021 
gave 0*2672 COo and 0*0414 HgO. 0 = 71*4; H = 4*6. 
requires 0=71*6; H = 4*6 per cent.). 

This substance was clearly identical with the hydroxymethoxy- 
methylanthraquinone (rubiadin monomethyl ether) described by 
Barrowcliff and Tutin (lor, c//., p. 1912), who give the melting point 
as 290®. This was confirmed by the preparation of the acetyl deriv¬ 
ative, which separated from ethyl acetate in long, yellow needles 
melting at 174® (Barrowcliff and Tutin give 173®). For analysis it 
was dried at 110® (0*11 gave 0*282 OOg and 0*0444 HgO. 0 = 69*9; 
11 = 4*5. 0 |^Hj 40 r, requires 0=69*7; H = 4*5 per cent.). 

For the conversion of the rubiadin monomethyl ether into rubia¬ 
din the following method was found to yield the most satisfactory 
results. The ether (0*5 gram) was mixed with concentrated hydro¬ 
chloric acid (5 ac.) and heated for two hours in a sealed tube at 
140—150®. The crude product was collected, and boiled with an 
aqueous solution of barium hydroxide, when the sparingly soluble 
barium salt of rubiadin separated. This was decomposed with 
dilute hydrochloric acid, and the rubiadin purified by crystallisa- 
fion from alcohol, when it was obtained in needles melting at 290® 
and yielding an acetyl derivative which separated from ethyl 
acetate in fine, yellow needles melting, as stated by Schunck and 
Marchlewski (loc, cit., p. 184), at 225®. 

The methyl-alcoholic filtrate (C), from which the rubiadin methyl 
ether had been separated, was evaporated to dryness, and the red, 
resinous residue acetylated by boiling with acetic anhydride contain- 

* The residue oonsisted of resinous matter from which nothing crystalline 
could be isolated. 
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ing a drop of pyridine. After removing the acetic anhydride, the 
crude acetyl derivative was triturated with much ether, when a 
quantity of a yellow solid remained undissolved. Thid was sepa¬ 
rated, the ethereal solution, after washing with sodium carbonate 
solution which removed a little resinous matter, concentrated and 
allowed to remain, when a further quantity of a yellow solid was 
deposited. This was collected and mixed with the yellow solid men¬ 
tioned above. The filtrate on further concentration yielded only 
resinous substances, from which nothing crystalline could be 
isolated. 

The yellow acetyl derivative was purified by repeated crystallisa¬ 
tion, first from alcohol, and finally from ethyl acetate, when it was 
obtained in silky, yellow needles melting at 209—210®, and evi¬ 
dently consisted of the acetyl derivative of alizarin monomethyl 
ether (Perkin and Hummel, T., 1893, 63, 1174; Barrowcliff and 
Tutin, he. clf., p. 1914) (Found, 0 = 69*1; H=:4*l. 
requires 0 = 68*9; H = 4 0 per cent.). 

On hydrolysis the acetyl derivative yielded alizarin a-methyl 
ether, which melted at 177—178®, and the latter when boiled with 
an aqueous solution of barium hydroxide gave alizarin, which was 
recognised by the usual tests. 


The author wishes to thank Mr. M. Gopal Rau for his assistance. 

Forest Research Institute and College, 

Dbhra Dun, India. [Received April 8f//, 1920.] 


LX .—Syntheses with the Aid of Monochloromethyl 
Ether. Part IV. The Condertsation of Ethyl 
Benzyl Sodiomalonate and Monochloromethyl 
Etlier. 

By John Lionel Simonsen. 

The oonveroion of substituted ethyl benzylacetstee into derivatives 
of hydrindene takes place with comparative ease. Thus, Mitchell 
and Thorpe (T., 1910, 07, 2263) have shown that ethyl o-cyano- 
benzylmalonate (I), when warmed with a trace of sodium ethoxide 
in alcoholic solution, is converted quantitatively into ethyl 1-imino- 
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hydrind6n©-2-carboxylat>e (II), which, on treatment with hydros 
chloric add, yields ethyl l-hydrindone-2-carboxylate (III). 


^•®*<CH2-CH(COjEt), 

(I) 




( 11 .) 


C,H4<gg>CH-CO*Et 

(III). 


It appeared to the author to be a matter of some interest to 
investigate the properties of ethyl henzylmeihoxymethylmalonate 
(IV), since it seemed possible that this ester might on hydrolysis 
lose methyl alcohol, with the formation of hydrindene-2-carboxylic 
acid (V). 


o.h.<?!I:>oh.co,h 


(IV.) 


2 

(V.) 


The required ester was readily obtained in an excellent yield by 
the condensation of ethyl benzylsodiomalonate and monochloro- 
inethyl ether. On hydrolysis with alcoholic potassium hydroxide, 
it gave hcnzylmethoxymethylmalonic acidy which decomposed at 
160—162®, with the formation of fi-phen yha-methoxy methyl- 
projnonic acid. All attempts to convert the methoxy-acid into the 
hydrindenecarboxylio acid were unsuccessful. When heated with 
concentrated hydrochloric acid, a~henzylacrylic acid was obtained, 
and the same acid was formed when ethyl benzylmethoxymethyl- 
malonate or benzylmethoxymethylmalonic acid were heated with 
mineral acids. 

It is clear from the above that ethyl benzylmethoxymethyl- 
malonate shov’s properties similar to those of the methoxymethyl 
esters described in Part III of this series (T., 1915, 107, 783), and 
shows no tendency to undergo ring-formation on hydrolysis. It 
had been intended to extend these experiments to derivatives of 
ethyl benzylmalonate with negative groups in the aromatic 
nucleus, but as there is little prospect of the author being able to 
continue the work in the near future, it has appeared desirable to 
publish the results obtained in their present, somewhat incomplete, 
form. 


Experimental. 


Ethyl Benzylmethoxymethylmalonate (IV). 

Ethyl benzylmalonate (26 grams) was gradually added to finely 
divided sodium (2*3 grams) suspended in dry ether (200 c.c.), when 
t'he sodium rapidly dissolved and a dear solution of the sodium 
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compound of ethyl benzylmalonate was obtained. Monochloro- 
methyl ether (8 grams) dissolved in twice its volume of dry ether 
was cautiously added, when a vigorous reaction took place, which 
was controlled by cooling in ice-water. Next day water was added 
to dissolve the colloidal sodium cJiloride, the ether separated, dried, 
and evaporated. The residual oil was distilled under diminished 
pressure, when practically the whole passed over at 194—200®/ 

18 mm. On redistillation, the oil boiled constantly at 194—195®/ 

19 mm. (yield, 23 grams): 

0*0988 gave 0*2358 CO^ and 0 0676 H^O. C = 65T; H = 7-6. 

CieH 2205 requires C = 65*3; H = 7*5 per cent. 

This eeter was obtained as a very viscid oil, which, on keeping 
for some weeks, crystallised in massive plates melting at about 
49—50®. Owing to its ready solubility in all the ordinary organic 
solvents, it was not found possible to recrystallise it. 


Hydrolysis of Ethyl Benzylmethoxymethylmalonate. I. With 
Potmsmm Hydroodde, Benzylmethoxi/niethylnialonic Acid. 

In performing this hydrolysis, the ester (5 grams) was mixed 
with methyl-alcoholic potassium hydroxide solution (2*5 grams of 
KOH) and allowed to remain in the cold overnight, when a 
sparingly soluble potassmm salt (A) separated in fine needles. 
This was washed with a little methyl alcohol, and the filtrate 
heated on the water-bath for one hour, when a further quantity 
of the potassium salt separated, which was added to ^4.* 

The potassium salt was dissolved in water and the solution 
faintly acidified with hydrochloric acid, when an acid separated 
as a viscid oil, which rapidly crystallised, and was recrystallised 
from a mixture of ether and light petroleum: 

0*0886 gave 0*1952 COg and 0*0495 HgO. C = 60*l; H = 6 2. 

C 22 Hj 40 g requires C = 60*6; H = 5*9 per cent. 

Benzylmethoxymethylmalonic axnd crystallised in stellate needles 
decompoeing at 160—162®. It was readily soluble in ether, chloro¬ 
form, or benzene, but only sparingly so in water or light petroleum. 
It yielded a sparingly soluble, amorphous barium salt; the calcium 
salt was obtained as a sparingly soluble, caseous, white precipitate, 
which appeared to be microcrystalline: 

* The filtrate from the potassium salt was saturated with carbon dioxide, 
the alcohol removed on the water-bath, and the aqueous solution acidified, 
when an oil separated which partly solidified. The solid was oolleoted 4 md 
found to consist of benzylmethoxymethylmalonio acid. The oily acid WW 
obtained in too small a quantity for investigation. 
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0*7088 loftt 0*2121 HgO at 120°. H 20 = 29*9. 

0*3123 gave 0*1068 CaS 04 . Ca= 10 * 0 . 

C 22 Hi 205 , 6 ^H 20 requires H 20 = 29'9; Ca=10*2 per cent. 

0*1029 Gram neutralised 0*0735 gram of barium hydroxide, 
whereas a dibasic acid, CJ 2 HJ 4 O 5 , should neutralise 0*074 gram. 

As has been mentioned above, benzylmethoxymethylmalonic 
acid melted with decomposition, this being due to loss of carbon 
dioxide with the formation of the monobasic acid, fi-phemjUa' 
methoxyniethyljjrojnomc acid. This acid has, bo far, only been 
obtained as a viscid oil. In one experiment, the dibasic acid 
(0*776 gram) was heated at 165® until all evolution of carbon 
dioxide had ceased, when a loss in weight of 0*142 gram was 
observed, whereas this weight of a dibasic acid should lose 0*139 
gram in passing to a monobasic acid. A further proof of the 
formation of the monobasic acid was furnished by the analysis of 
the diver salt, which separated from# a faintly alkaline solution as 
a granular, white powder: 

0*1991 gave 0*0727 Ag. Ag = 36*5. 

CiiHjgOgAg requires Ag = 35*9 per cent. 

When benzylmethoxymethylmalonic acid was boiled for some 
hours with hydrochloric acid (50 per cent.), it was converted into 
a-hemylacrylic acid (see below), and this was found to be the 
simplest method for the preparation of this acid. 

II. With Hydrochloric Avid. a-Benzylucrylic Acidy 
CH2Ph-C(-CH2)-C02H.' 

Ethyl benzylmethoxymethylmaloiiate was hydrolysed by hydro¬ 
chloric acid only with great difficulty. The ester (20 grams) was 
mixed with hydrochloric acid (100 grams), acetic acid (25 grams), 
and water (50 ac.), and the mixture heated under reflux for thirty- 
six hours. The oil was dissolved in ether, and the acid removed 
from the ethereal solution by washing with sodium carbonate solu¬ 
tion, from which, on acidification, 2*5 grams of an oily acid* were 
obtained. The ether was evaporated, and the residual oil mixed 
with methyl-alcoholic potassium hydroxide solution (7 grams of 
KOH), when, on keeping, the sparingly soluble potassium salt of 
l>enzylmethoxymethylmalonio acid separated. The filtrate from 
this salt was saturated with carbon dioxide, the alcohol removed 
hy evaporation, and the aqueous solution rendered just acid with 
hydrochloric add, wheh ah oil separated which rapidly solidified. 

* The oily acid partly solidified and, after draining on porous porcelain, 
the crystals were found to consist of a-benzylacrylic acid. 
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The solid was purified by repeated crystallisation from dilute 
methyl alcohol: 

0*1586 gave 0*43 CO 2 and 0‘0876 H 2 O. C=73'8; H = 6 *l. 

CioHi(j 02 requires C = 741; H = 6 *l per cent. 

a-Bcnzylacrylic add separated in glistening prisms, which melted 
at 68—69°. It was readily soluble in all the ordinary organic 
solvents, but only very sparingly so in water. 

On titration, 0*1109 gram neutralised 0*0589 gram of barium 
hydroxide, whereas a monobasic acid, CjoHjoGg, should neutralise 
0*0587 gram. 

That this acid was not identical with the isomeric a-methyl- 
cinnamic acid melting at 74° was shown by the fact that a mixture 
of the two melted at 40°. Further, these two acids are readily 
distinguished in that a-benzylacrylic acid yields a readily soluble 
barium salt, whereas the barium salt of o-methylcinnamic acid is 
only sparingly soluble. • 

In alkaline solution, a-benzylacrylic acid is unstable towards 
potassium permanganate; when dissolved in chloroform, it readily 
absorbs bromine, with considerable evolution of heat. In one 
experiment, the acid (0*5 gram) was dissolved in chloroform (3 o.c.) 
and treated with the calculated quantity of bromine in chloro¬ 
form solution. On keeping, the 5romo-acid separated, and was 
purified by crystallisation either from chloroform or dilute acetic 
acid: 

0*1196 gave 0*14 AgBr. Br=49*8. 

CioHj(j 02 Br 2 requires Br = 49*7 per cent. 

apf-Dibroma-fi-phenylimhutyric acidt CHoPh'CBr(CH2Br)*C02H, 
crystallised in fine needles melting at 145—146*^. When reduced 
with sodium amalgam, it yielded iS-phenylwobutyric acid, which 
was identified by conversion into the characteristic «amide meltr 
ing at 107°, and this melting point was not altered by admixture 
with a specimen of the amide from another source (Found: 
N = 8 * 6 . Calc.: N = 8*5 per cent.). 

P^-Bromo-P-phenylisobutyHc Add. —This acid was formed when 
a-benzylacrylic acid was mixed with an acetic acid solution of 
hydrogen bromide (saturated at 0 °) and heated in a sealed tube 
at 100° for two hours. On pouring into water, a heavy oil 
separated, which was dissolved in ether, the ethereal solution 
washed to remove acetic acid, dried, and evaporated, when a viscid 
oil was obtained. After remaining for some days in a vacuum 
desiccator, it was analysed, and was evidently nearly pure: 

0*1455 gave 0*1037 AgBr. Br=30*3. 

^iaHii 02 Br requires Br = 32*9 per cent. 
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The bromo-aoid dissolved readily in potassium hydroxide solution 
or ammonia, but, on warming, the solution clouded, owing prob- 
a])ly to the separation of the hydrocarbon; the acid was, however, 
much more stable than its isomeride (see below). 

When dissolved in concentrated aqueous ammonia and allowed 
to remain for some days in the cold, it was converted quantitatively 
into ^^-amino~(i-l}henyl\mhv,tyric acid. For analysis, it was re- 
crystallised from chloroform: 

0 1587 gave 11*6 c.c. No at 32° and 760 mm. N = 7*8. 

Ci(,Hi 302 N requires N = 7*8 per cent. 

This add separated from chloroform in glistening leaflets melt¬ 
ing at 128°. It was readily soluble in water or alcohol, more 
! paringly so in the ordinary organic solvents. 

P'Brmnfp-fi-phenyrimhiityrie Ac'ul, CHBrPh-CHMe'COoH.—For 
j>iirposes of comparison, this bromo-acid, which does not appear to 
have been described previously, was prepared from a inethyl- 
cinnaniic acid by the action of an acetic acid solution of hydrogen 
bromide in the manner described above. On pouring the mixture 
into water, a solid separated, which crystallised from formic acid 
in glistening prisms melting at 168—170°: 

0 1347 gave 0*1037 AgBr. Br-32*7. 

CjtjIIjiOoBr requires Br —32*9 per cent. 

Like other 0-bromo-acids, this acid reacted very readily with 
alkalis. When dissolved in cold sodium carbonate solution, the 
solution rapidly clouded, with the separation of an oil, and the 
same behaviour was observed with ammonia, so that it was not 
found possible to prepare the amino-acid. 

In one experiment, the oil formed by the action of dilute sodium 
carbonate solution was separated, dissolved in chloroform, and 
treated witli a cliloroform solution of bromine, when, on allowing 
the solvent to evaporate, needles were obtained which melted at 
65—66°, and evidently consisted of the dibromide derived from 
allylbenzeno, which had resulted from the action of the alkali on 
the bromo-acid (Found: Br —57*9. Calc.: Br —57*5 per cent.). 

The author wishes to thank Mr. M. Gopal Ran for assistance in 
the analytical work, 

Fokkst Research Institute ani> Coeuboe, 

Debra Dim, India. [Received^ AprU 8M, 1920,] 
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liW.—The Constituents of Indian Turpentine from 
Pinus longifolia, Roxh. Part I. 

By John Lionel Simonsen. 

The manufacture of turpentine in India from the oleo-resin of 
Pinus longifolia, Roxb., is now an established industry, and large 
quantities of the oil are distilled in the Government factories at 
Jallo in the Punjab and Bareilly in the United Provinces. The 
oil, whilst quite suitable for the majority of technical purposes, is 
regarded as inferior to American turpentine, owing to the residue 
which it leaves on evaporation and to its proneness to oxidation. 

The constituents of Indian turpentine have already formed the 
subject of several investigations (Rabak, Pliarm, Etv,, 1905, 23, 
229; Sohimmel’s Bericht, April, 1906, 66; Octol>er, 1911, 93; 
Bull. Imp. Imt., 1911, 9, 8; Robinson, P., 1911, 27 , 247; Singh, 
Ind. For. Bee., 1912, 4, Pt. I), which have established the presence 
of /-a-pinene, /?-pinene, a terpene yielding sylvestrene hydroc^hloride 
when treated with hydrogen chloride, and a sesquiterpene. 
Although in the literature it is definitely stated that sylvestrene is 
present (compare Parry, '^Essential Oils,” Vol. I, p. 18), yet 
Robinson (loc. cit.)^ to whom we owe the most careful investigation 
of the oil that has been made up to the present, drew the con¬ 
clusion that the fraction previously assumed to contain sylvestrene 
in all probability contained some isomeric terpene, which on treat¬ 
ment with hydrogen chloride yielded sylvestrene hydrochloride. 
He also suggested that dipentene was probably present. 

In view of the above results, it appeared to the author desirable 
that a careful re-examination of the constituents of Indian turpen¬ 
tine should be made, and the results so far obtained form the 
subject of this communication. 

The oil used was distilled at the Government turpentine factory 
at Jallo, and was specially collected under the supervision of Mr. 
A. J. Gibson, Indian Forest Service, the officer in charge of the 
factory. It was carefully sealed up immediately after distillation 
in five-gallon drums, and prior to use it was dried for some days 
over anhydrous magnesium sulphate. 

On careful fractional distillation, the presence of the following 
constituents was definitely proved: if-a-pinene, jS-pinene, a new 
bicyclic terpene, for which the name d-earene is proposed, and a 
tricydio sesquiterpene, longifolene. 

The hydrocarbon, ^/-carene, which is without doubt identical 
with the hydrocarbon described by Robinson (^oc. is an oil 
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boiling at 168—169^/705 mm., and poasessiiig a ch.ar^^3teristio and 
curious, sweet odour. The constitution of this new terpene was 
determined by investigating its behaviour on treatment wiili 
hydrogen chloride and on oxidation with potassium permanganate. 
When treated in ethereal solution with hydrogen chloride, an oily 
hydrochloride was obtained, which partly solidified on cooling in a 
freezing mixture. The solid was found to be pure c?-sylvestrene 
hydrochloride melting at 72^, whilst the terpene obtained from the 
liquid hydrochloride on removal of the hydrogen chloride in the 
usual manner (see p. 575) was found to be a mixture of sylvestrene 
and dipentene. The latter was identified by means of the tetra 
bromide after removing the greater part of the sylvestrene by 
treatment with potassium dichromate and sulphuric acid in the 
manner suggested by Baeyer (Ber., 1894, 27, 810, 3485). The 
fonnation of a mixture of sylvestrene and dipentene hydrochlorides 
is most simply explained if it is assumed that the new terpene is 
represented by one of the tluee following formulae (1, 11, or III), 


Me 

i 

Me 

1 

CH. 

tt 

0 

0 

C 

/\ 

CH OH, 

()H.> OH 

OH.^ OH^ 

1 1 

CH, OH 

6 h, oh 

oh, 

\/\ 

\/\ 

\/\ 

CH-CMe, 

OH-OMe, 

OH-CMe, 

(I) 

(II.) 

(in.) 

(A'-Carene.) 

(a*-C€urene.) 

(Dehydrocarane.) 

Me OH 


Me OH 



\/ 

C 


C 

- /\ 


/\ 

OH-CH OH, 


OH, CH-OH 

OH, OH 


i * 1 

OHg OH 

\/\ 

OtJ-OMe, 



(IV.) 
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is obvious that a 

bioyolic terpene possessing one of 


structures would, on fission of the cyc/opropane ring, yield a mix¬ 
ture of the hydrochlorides of the monocyclic terpenes. 

Further evidenoe in support of the above view was furnished 
l>y a study of the products formed on oxidation with potassium 
permanganate. When oxidised in the presence of alkali in ice- 
cold solution, the main product of the oxidation was found to be 
a glycol^ Ci 0 Hi 8O2, melting at 69—70^. This glycol does not 

Y 2 
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appear to contain a primary alcohol group, since, in benzene solu¬ 
tion, it does not react with phthalic anhydride, and it follows, 
therefore, that <7-oarene cannot be represented by formula III, and 
that the glycol must have either formula IV or V. All attempts 
to convert the glycol into a ketone by oxidation with chromic acid 
were unsuccessful, the reaction proceeding apparently abnormally 
with the formation of oils of high boiling point, from which nothing 
crystalline could be isolated. The alkaline liquid from which the 
glycol had been separated was acidified, and the acids formed 
during the oxidation carefully examined. The main product was 
a viscous oil, but two crystalline acids were obtained. Owing to 
the small yield, one of these, melting at 137°, could not be 
identified, but the second acid was found to be dimethylmalonic 
acid, thus proving definitely the presence of the grouping 

CMe,<^; 

in fl?-carene. 

In the light of these observations, it appeared desirable to 
attempt to isolate caronic acid, and c7-carene was therefore oxidised 
with potassium permanganate in the manner adopted by Baeyer 
and Ipatiev {Ber.^ 1896, 29, 2796) for the preparation of this acid 
from carone. The product of the oxidation was a viscous oil, from 
which nothing crystalline separated, and evidently did not contain 
any oM-caronio acid, but, on conversion into the ammonium salt, 
a small quantity of a crystalline salt was obtained, which was only 
sparingly soluble in cold water, and crystallised in glistening 
prisms. On acidification, an acid crystallising in prisms and melt¬ 
ing at 212—213^ was obtained, and there can be no doubt that 
this was tram’O&Tonic, acid, which is stated by Baeyer and Ipatiev 
to melt at this temperature (see p. 577). 

So far as the author is aware, e^-carene is the first naturally 
occurring terpene which has been found to contain the oarane ring, 
and is therefore of more than usual interest. It has not been 
found possible to decide whether formula I or II correctly repre¬ 
sents the structure of this terpene, and it does not appear unlikely 
that, as is assumed to be the case with sylvestrene, the hydrocarbon 
may be a mixture of the two isomerides. The molecular refrac¬ 
tion was found to be 44*22, which agrees well with that calculated 
(44*19) for a compound containing a cyclohexane and a cyclo- 
propane ring. The fact that the molecular refraction is practic¬ 
ally normal points to the absence of conjugation of a double bond 
with the cyclopropane ring and renders it probable that rf-carene 
is represented by formula I (rf-A*-caren©). It is hoped to pmpare 
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synthetically the hydrocarbon represented by formula II 
(A^-carene), and experiments in this direction are in progress. 

The sesquiterpene for which the name loiigifolcfie is proposed 
has up to the present only been cursorily examined. It yields 
very beautiful derivatives with hydrogen chloride, hydrogen 
bromide, and hydrogen iodide, and from a consideration of its 
molecular refraction (M —64*15) it is evidently tricyclic. 

Experimental. 

The oil use<l for these experiments was reddish-])rown, and, after 
drying over magncisiiim sulphate, had the following constants: 
I):'!! 0*8717, < 1*4725, a,, *--2*38° acid value 2*4. 

A largo quantity was submittefl to a careful fractional distilla 
lion under diminished pressure, using a twelve^pear Young still- 
head, when it was readily separated into the following three frac¬ 
tions: up to 118^/200 rnm. (31 })er cent.), 118-130*^/200 mm. 
(47 G per cent.), 149 -155^7'^ (1^*2 per cent.); loss and 

residue (by difference), 11*2 per cent. 

The fractions boiling below 130°/200 mm. were carefully reirao 
tionated under the ordinary pres.sure, and were divided into two 
main fractions, A distilling at 155—167°/706 mm. (60*8 per cent.) 
and B at 167—171°/706 mm. (14*8 per cent.). Fraction A con¬ 
sisted mainly of a- and iS-pinone, and a pure fraction of /-a pinene 
was Isolated boiling at 153—154°/700 mm. and possessing the 
following constants: 0*8525, n® 1*4625, —34°, which agree 

well with those usually found for this hydrocarbon. The identity 
was further confirnuHl by the formation of a-})inouic acid on treat¬ 
ment with potassium permanganate in the usual manner. The 
presence in fraction .1 of )8-pinene was proved by the isolation of 
nopiuio acid (m. p, 128°) from the product-s of the oxidation with 
potassium permanganate in the usual manner. 


d-Garenc (d-A^- or -A*-C'arcne). 

The fraction B (see above) was found on rejxjated fractionation 
to yield an oil, which boiled quite constantly at 168—169°/ 
705 mm., 123—124°/200 mm. This hydrocarbon, for which the 
name ^^carene is proposed, was found to have the following 
constants: DJ 0*8586, 1*469, ap-f-7*69° M-44*23, calc, 

fer C|t)Hi5p —43*5, which, with the increment for the presence of 
a cv/c/opropane ring (0*69), becomes 4419 (compare Eisenlohr, 

‘ Spektrochemie der organischen Verbiudungen,’* p. 131). 

Ai/other sample of c^carene from a different sample of turpen- 
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tine was found to have the following constants: J)% 0*8594, 
< 1-47, Oi, +7-830. 

Owing to the readiness with which ^f-carene is oxidised on 
exposure to the air, only approximate figures were obtained on 
analysis. A specimen distilled three times over sodium under 
diminished pressure and analysed immediately gave the following 
figures: 

0*1019 gave 0*327 COg and 0*107 H^O. 0 = 87*5; H = ll*7. 

CioHjg requires C=88-2; H = ir8 per cent. 

d-Carme is a colourless oil possessing a very characteristic, some¬ 
what sweet odour. When dissolved in acetic anhydride and treated 
with a drop of concentrated sulphuric acid, a transient, green 
coloration was observed. Unlike sylvestreiie and terpinene, it was 
found not to be acted on by a mixture of potassium dichromate 
and sulphuric acid. The ease with which it undergoes oxidation 
was shown by the fact that when 1 c.c. was placed in a closed 
vessel, it absorbed all the oxygen present in three days. 

In chloroform solution, c7-carene readily absorbed bromine, but 
after the addition of one molecular proportion, the absorption 
became very slow and hydrogen bromide commenced to be evolved. 
It was not found possible to obtain a solid bromo-derivative, whilst 
the nitrosochloride and the nitrosite could also only be obtained 
as oils; it yielded, however, a crystalline nitromte. The terpene 
(5 grams) was mixed with acetic acid (2 c.c.) and amyl nitrite 
(4 grams), and nitric acid (D 1*4) (3*5 grams) was then added very 
slowly to the well-cooled mixture. A solid was slowly deposited, 
and, after an hour, alcohol was added and the solid collected. It 
was purified by crystallisation from a mixture of chloroform and 
light petroleum, when it was obtained in glistening prisms which 
decomposed at 141*5°: 

*0 089 gave 11 c.c. Ng at 34° and 741 mm. N = 12*8. 

CKjHjgOgNg requires N = 13*2 per cent. 

A-Carene nitromte is very sparingly soluble in methyl and ethyl 
alcohols or light petroleum, more readily so in acetone or chloro¬ 
form. 

/W3arene showed no tendency to undergo hydration when treated 
with dilute sulphuric acid. In one experiment, the terpene 
(20 grams) was heated at 100° for s-even days with dilute sulphuric 
acid (5 per cent.) (100 c.c.) in a closed vessel from which air 
had been displaced by carbon dioxide. The terpene distilled com¬ 
pletely at 123—124°/200 mm., and that it was quite unaffected 

^ I wish to thank Prof.pB. K. Singh for this analysis. 
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the treatment is indicated by the following constants; 
D:S 0-8595, 1-469. 

Action of Hydrogen Chloride on d-Carene. 

As has already been mentioned, ^-carene on treatment with 
hydrogen chloride gives a mixture of i/-sylvestreiie and dipen ten c 
hydrochlorides. In one experiment, the terpene (30 grams) was 
dissolved in dry ether (60 c.c.), and dry hydrogen chloride passed 
into the well-cooled solution until it was saturated. After two 
days, the ether was removed in a vacuum, and the residual brown 
oil cooled in a freezing mixture, when it partly solidified. The 
crystals were rapidly collected, and, after draining on porous 
porcelain, were found to melt at 71^ (yield, 6 grams). On re 
crystallisation from methyl alcohol, the hydrochloride separated 
in glistening needles melting at 72°, and evidently consisted of 
sylveetrene hydrochloride. In chloroform solution, [aj^ had the 
value -}-20-31° (Found: Cl“33*7. Cj()HjgCl 2 requires Cl-:33'9 per 
cent.). A quantity of the hydrochloride was converted into the 
terpene, which was found to possess all the properties ascribed to 
r/'Sylvestrene. 

The liquid hydrochloride (40 grams) from which the ^/-sylvestreiie 
hydrochloride had been separated was mixed with acetic acid 
(80 grams) and sodium acetate (40 grams) and heated for thirty 
minutes on the sand-bath. The hydrocarbon was distilled in a 
current of steam, separated, and, after boiling for a short time 
with potassium hydroxide solution, extracted with ether, the ether 
dried and evaporated, and the residual oil distilled at 200 rnm., 
when 12 grams of an oil were obtained distilling 1>etween 120° and 
140°. The hydrocarbon, which had a pleavsant odour of lemons, 
gave, when dissolved in acetic acid, an intense .sylvestrene color¬ 
ation with sulphuric acid. In order to remove the greater por¬ 
tion of the sylvestrene, the mixture of terpenes was repeatedly 
shaken (twenty times) with small quantities of dilute potassium 
dichromate solution (compare Baeyer, loc. rif.). After drying 
over potassium carbonate, the remaining oil was distilled over 
sodium, when the greater portion passed over at about 130°/ 
200 mm. (yield, 6 grams). The terpene, which still gave the 
sylvestrene reaction, although much less markedly than before, was 
dissolved in chloroform and treated with a chloroform solution cf 
bromine until a permanent straw coloration was obtained, the 
chloroform removed in a vacuum, and the residual viscid oil cooled 
bi a freezing mixture, when it rapidly crystallised. After drain¬ 
ing on porous porcelain, the bromo-derivative was purified by 
orystallisation from ethyl acetate, when it wais found to melt at 
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123—124°, and this melting point was not depressed on admixture 
with a specimen of dipentene tetrabromide from another source 
(Found: Br~70’6. CioH 26 Br 4 requires Br = 70*2 per cent.). 


Oxidation of d-Carene: I. d-Garene Glycol (IV or V). 

The terpene (50 grams) was mixed with sodium hydroxide solu¬ 
tion (500 c.c,; 50 grams of NaOH), and, after the addition of ice, 
potassium permanganate solution (1*5 litres; 116 grams of 
KMnO^) was gradually added with constant shaking, the solution 
being kept at 0° during the addition. The oxidation, which pro¬ 
ceeded rapidly at first, became very slow towards the end. When 
the colour of the potassium permanganate liad disappeared, steam 
was passed into the solution to remove the unchanged terpene 
(20 grams), the solution filtered, and concentrated on the water- 
bath, carbon dioxide being passed into the liquid during evapora¬ 
tion. Tlie alkaline solution was extracted ten times with ether to 
remove the neutral jiroducts formed during the oxidation, the 
ethereal extract dried over potassium carbonate, the ether evapor¬ 
ated, and the residual oil distilled under diminished pressure, when 
practically the whole passed over at 166- -167°/42 mm. On keep¬ 
ing, the viscous oil rapidly crystallised in long needles melting at 
69—70°: 

0*1402 gave 0*361 CO 2 and 0*131 ILO. C = 70*2; H = 10'4. 

^ 10 ^ 18^2 requires C = 70*6; H = 10*6 per cent. 

d-Carene glycol is readily soluble in all the ordinary organic sol¬ 
vents, and it was not found |> 088 ible to recrystallise it. In chloro¬ 
form solution it has |a|„ -1-16*05. f/-Carene glycol does not react 
with phthalic anhydride when heated in benzene solution on the 
water-bath, and it is therefore extremely unlikely that it contains a 
primary alcohol group. When mixed with sulphuric aedd (D 1*25) 
it readily dissolved, and on keeping a viscid oil separated which 
could not, however, be obtained crystalline. It reacted readily with 
hydrogen bromide, but the product could not be obtaihed solid. In 
acetic acid solution it was oxidised by chromic acid with the forma¬ 
tion apparently of a complex mixture, from which, owing to the 
small quantity of material at the author’s disposal, nothing definite 
could be isolated. 

The alkaline liquid from which the glycol had been separated was 
acidified with dilute sulphuric acid and repeatedly extracted with 
ether. On removal of the ether a viscid oil remained which had a 
strong ^our of butyric acid. As the oil showed no tendency to 
crystallise it was eeterified in the usual manner with alcohol and 
sulphuric acid, and the resulting mixture of esteirs carefully frao* 
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iioiiated under diminished preesiir© (44 mm.). A small quantity 
distilled below 160°, and three main fractions were collected : A at 
160—170°, B at 170—185°, and C at 180- 200°. 

Fraction d, which was a pleasant>*sm©lling oil, was hydrolysed 
with alcoholic potassium hydroxide solution in the usual manner, 
and after removal of the alcohol and acidification the aqueous solu¬ 
tion was repeatedly extracted with washed ether, the ethereal 
extract dried and evaporated, when an oil was obtained which 
rapidly solidified. After draining on porous porcelain, the acid was 
recrystallised from water, when it separated in small plates which 
decomposed at 18G—187° and evidently consisted of dimethyl- 
nialonic acid (Found, C —45 2 ; 11 = 5*8. 0511^^04 requires C = 45*4 ; 
11 r 6*1 per cent.). 

The view that this acid was diinethylmalonic acid was confirmed 
by the fact that when mixed with a specimen of dimethylmalonic 
acid from another source no depression of the decomposition point 
was observed. 

Fraction Bj which was a somewhat viscous, unpleasant-smelling 
oil, was hydrolysed with alcoholic potassium hydroxide solution, 
and the acid obtained in this way was isolated by extraction with 
ether in the usual manner. The acid was a very viscous, unpleasant- 
smelling oil, which on trituration with a little water partly solidi¬ 
fied. The solid was separated, drained on porous porcelain, and 
purified by crystallisation from dilute methyl alcohol, when it 
crystallised in long, prismatic needles melting at 136 -137°. On 
analysis it gave the following figures: 

0*1349 gave 0*3537 CO., and 0*1008 H.p. C = 71*5; H = 8*3. 

This result agrees best with the formula C,t^Hi 402 (C = 72*3; 
H-- 8 4 per cent.), but owing to the very poor yield of this acid it 
was not found possible to determine its constitution. 

Fraction (J on hydrolysis gave a viscous oil smelling strongly of 
fatty acids. It could not be obtained crystalline, and was not 
further investigated. 


II. trans-Caromc Acid, 

The method adopted for the preparation of /rnyw-caronic acid 
from <7-carene was identical with that used by Baeyer and Ipatiev 
(/oc. cit.) for the preparation of this acid from oSarone. The oily 
mixture of acids obtained from the oxidation (no trace of the c/.s'- 
acid could bo detected) was converted into the ammonium salt when 
after concentration the ammonium hydrogen salt of frans-caronic 
acid separated. This was recrystallised from a little water, in 
which it was only sparingly soluble vhen it was obtained in small 
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prisms. The free acid was purified by crystallisation from ho^ 
water, when it separated in prisms melting at 212—213°. This arjl^ 
possessed all the properties ascribed to trans-odixomo add, and t. 
melting point was not depressed on admixture with a spedmen c 
trans~ 02 xomc add spedally prepared for comparison. 

The silver salt was obtained as a crystalline predpitate (Found, 
H = 57*7. C 7 Hg 04 Ag 2 requires Ag=58*l per cent.). 

6.-Longifolene. 

The fraction of the original oil boiling at 149—151°/36 mm. was 
repeatedly distilled over sodium, when the sesquiterpene 6.-lonyi~ 
foltne was obtained as a colourless, somewhat viscous oil with a 
faint and not unpleasant odour. It distilled at 254—256°/706 min., 
150—151°/3G mm., and had the following constants: DjS 0*9284, 
TvS 1*495,'m = 64*15, oj, +42*73°. 

^i-Longifolene does not yield a solid nitrosocliloride, uitrosate, or 
nitrosite. 

The hydrochloHde was best prepared by saturating an ethereal 
solution of the hydrocarbon with hydrogen chloride and allowing it 
to remain overnight. On removing the ether under diminished pres¬ 
sure, the hydrochloride separated as a crystalline solid which crystal¬ 
lised from methyl alcohol in long prisms or prismatic needles melt¬ 
ing at 59—60° and having, in chloroform solution, (ojp + 7*1° : 

0*1866 gave 0*1109 AgCl. Cl = 14*7. 

C 15 H 25 CI requires 01 = 14*7 per cent. 

The hydrohromide was best prepared by dissolving the terpene in 
an acetic acid solution of hydrogen bromide (saturated at 0 °) when, 
o.a keeping, the hydrobromide separated in prisms which after 
crystallisation from alcohol melted at 69—70°: 

0*1672 gave 0*111 AgBr. Br = 28-2. 

Ci 5 H 26 Br requires Br=28*0 per cent. 

The hydriodide which was prepared in a similar manner to the 
hydrobromide crystallised from alcohol in magnificent prismatic 
needles which melted at 71°: 

0*119 gave 0*0838 Agl. 1 = 38*2. 

C 15 H 25 I requires 1 = 38*0 per cent. 

In conclusion, the author wishes to thank his assistant, Mr. T. P. 
Ghose, for help in the experimental work, and Mr. M. Gopal Rau 
for many of the analyses and for kindly undertaking the prepara¬ 
tion of the dimethylmalonic add and ^ra««-caronio add required 
for the purpose of comparison. 

Forbst Bbsbaboh Institute and Coixeqe, 

Dbhba Dun, India. [ Received , April 1920.j 
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II .—The Cyanine Dyes. Part /. The Con¬ 

stitution of the i^oCyanines. 

By William Hobson Mills and Robj:rt Scott Wishart. 

The Mocyanines were discovered in 1883 by Spalteholz (Ber.^ 1883, 
16, 1847), and independently by Hoogewerff and van Dorp (Etc. 
trav. chirn.j 1883, 2, 41; 1884 , 3 , 344). These investigators found 
that a purplish-red dye forming magnificent, lustrous green crystals 
could be obtained from a mixture of the ethiodides of quinaldine 
and quinoline by the action of potassium hydroxide. Hoogewerff 
and vail Dorp assigned to it the formula C23H23N2I—that is to say, 
they regarded it as formed by the condensation of one molecule of 
quinaldine ethiodide with one of quinoline ethiodide with the 
elimination of hydrogen iodide and of two atoms of hydrogen, 

C12H14NI -t- CiiHioNI = C23H.>3N.>I -h hi + 2H. 

Since the compound thus corresponded in composition as well as in 
general properties with the well known blue dye cyanine, discovered 
by Greville Williams, similarly formed from the alkyl-iodides of 
lepidine and quinoline, Hoogewerff and van Dorp named it diethyl- 
/.vocyanine iodide. Spalteholz formulated the dye as 

Interest was again aroused in the e«acyanines when their value as 
photographic sensitisers became recognised (Miethe and Traube, 
(^hem. I ml., 1903, 26, 54). 

The first suggestion as to the constitution of this class of dyes 
was made by Decker {Ber., 1891, 24, 692). Having discovered the 
alkylquinolinium pseudo-bases (/or. cii, and Ber., 1892, 26, 3326), 
he saw in them the reactive intermediate products to which the 
formation of the dyes of the cyanine type was due, and accordingly 
he expressed the view that the cyanines were the product of the 
interaction of one molecule of unchanged alkyl-iodide with one 
molecule of l-alkyl-2-quinolone arising from the oxidation of the 
j)seudo-base. The idea that the quinolinium pseudo-bases play a 
piincipal part in the production of these dyes forms the basis of all 
the formulae which have been proposed for the ?i?ocyanines. 

Another point on which there has been general agreement is that 
the 2-methyl group of the quinaldine alkyl iodide is concerned in 
the condensation. This question has been dealt with especially by 
Vongerichten and Hofchen {Ber., 1908, 41, 3054). These investi¬ 
gators showed in the first place that quinaldine alkyl-iodides in 
which the hydrogen atoms of this methyl group are substituted, as 
benzylidenoquinaldine ethiodide or 2-#>opropylquinoline meth- 
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iodide, are incapable of taking part in the formation of isocyaninee. 
It should, however, be pointed out that evidenc^e of this nature, 
which has been used to a considerable extent in the discussion of 
the constitution of these dyes, is not altogether conclusive, since the 
^socyanine condensation is very subject to steric hindrance. Quin¬ 
oline alkyl-iodides, for example, are prevented from taking part in 
this condensation by substitution, not only in the 4-position (Miethe 
and Book, Ber., 1904, 37, 2823; Kaufmann and Vonderwahl, Btr.y 
1912, 46, 1404). but also as experiments of Miss F. M. Hamer and 
Mr. W. K. Braunholtz in this laboratory have shown, in the 
5-poeition, and, according to the patent literature, in the 8-position. 

Vongerichten and Hofchen {loc, cit.) also showed that l-ethyl-2- 
quinolone is formed when diethyl/xocyanine chloride is oxidised with 
alkaline potassium ferricyanide. This proves that the nucleus of 
the quinaldine residue is linked to the rest of the /^ocyanine mole¬ 
cule through the 2-po8ition, and therefore presumably through the 
carbon atom of the 2-methyl group. 

On the assumption that the /xocyanines are formed by condensa¬ 
tion, through the 2-methyl group, of a quinaldine alkyl-iodide with 
a quinolinium pseudo-base, with or without concomitant oxidation, 
the three following formulae have been proposed for diethylu’o 
cyanine iodide: 



(III.) 


The first of these is Decker's formula (/. pr, Chem., 1911, [ii], 84, 
236). It follows at once from Decker's view of the mechanism 
of the ^ooyanine condensation. The second formula was suggested 
by W. Konig (J. pr, Chem,, 1906, [ii], 73, 100) as a modification, 
which he regarded on general grounds as more probable, of a 
formula proposed by Miethe and Book {Ber,^ 1904, 87, 2008). It 
differs from Decker's formula in that it represents the quinoline 
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residue as linked to the rest of the molecule through the 4'- instead 
of the ^'-position. Very strong evidence that the quinoline residue 
is actually linked through the 4'-position was obtained by A. Kauf- 
mann and Vonderwahl (Ber., 1912, 46, 1404). In particular, they 
showed that quinoline alkyl-iodides substituted with chlorine in 
the 4-position reacted with quinaldine ethiodide and alkali, with the 
elimination of hydrogen chloride as well as of hydrogen iodide, to 
give the same /^ocyanines as are formed from the corresponding 
chlorine-free compounds. Their important communication thus 
affords strong support to Kdnig’s formula (II). The third formula 
was also proposed by Kdnig. It is based on the view that the 
pseudo-bavses derived from quinoline alkyl-iodide^s are aldehyde- 
ajiiiiies, NlIJt*C,..Il,,*(TlICT]*(UJO, and represents the /.svycyaniiies as 
the normal condensation jjroducts of these wdth r|uinaldine alkyl 
iodides. This interesting suggestion which, although it had little 
direct experimental su])port, could scarcely be proved to be at 
variance with the facts, will be further considered in a later paper. 

Whilst the available evidence must thus be regarded as favouring 
the second of these thiee formula', it was not of a very direct char¬ 
acter, and further information which would assist in furnishing a 
more secure basis for a constitutional formula for the /tvocyanincs 
was desirable. 

( •ort^iiii observations had led us to believe that the invcvstigation 
of the action of potassium permanganate on these dyes would lead 
to results of interest. We have therefore studied the oxidation by 
this reagent of 1 : l-dimethyh>ocyanine acetate (the dimethyl com¬ 
pound was selected as being the simplest /^ocyanine and the acetate 
because it was the most readily soluble of its salts with common 
adds), and in the ])resent communication an account is given of the 
results we have obtained. 

As has already been stated, the oxidation of an /**ocyanine havS 
previously been investigated by Vongerichten and Ilbfchon {loc. 
rit,). These authors, using alkaline potassium ferricyanide, isolated 
a 1-alkylquinolone, and showed that it was derived from the quin¬ 
aldine half of the molecule, but they were unable to isolate the 
other products of oxidation. 

The oxidation of dimethyl/Wocyanine acetate with potassium per¬ 
manganate proceeds very smoothly in ice-cold aqueous solution, and 
the end of the reaction is sharply marked by the point at which the 
colour of the gradually added permanganate persists. The quantity 
of permanganate used corresponds with approximately 34 atoms of 
oxygen for one molecule of isooyanine. 

From the oxidised solution we were able to isolate l-methyl-2 
quiholon© (IV) and, after acidificatioii with hydrochloric acid, 
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cinchonic acid methochloride (V). (The actual product of the oxida¬ 
tion was probably the corresponding betaine.) The weights of these 
products, before purification, amounted to approximately 80 and 
70 per cent, respectively of those theoretically possible. These two 


Me' 1N<^ ^CO.,H 


/\/\ 


o: 


\/\/ 

NMe 


(IV.) 


compounds account for all the carbon atoms in the ^*ocyanine, and 
the two molecules together contain 3 atoms of oxygen. It is clear, 
therefore, that 3 atoms of oxygen are required for the oxidation, 
the half atom or so actually used in excess of this quantity being 
consumed in side reactions. Hence the equation for the reaction is: 

C 2 ,Hj 903 N.,X 4- 30=:C,oHoON f CnH^oOgNX. 

The composition of the products and the number of oxygen atoms 
used in the^r formation thus settle the debated question of the 
number of hydrogen atoms in the molecule of the ^wyanine; they 
show that the view of Hoogewerif and van Dorp that the condensa¬ 
tion involves the removal of two atoms of hydrogen by oxidation is 
correct. At the same time the structural formula of the dye is 
fixed. For subtraction of the added oxygen atoms from the two 
products leaves the residues 


MeXN 


\_/ 

/ \, 


ch: 


and 




NMe 


and these on combination give VI as the formula of the wooyanine. 


\_/ /\/\ 

\/\/ 

NMe 


(VI.) 


\ / /v^ 

/\ 

X Me 

(vn.) 


This formula stands in the closest relationship to formula II sug¬ 
gested by Konig and advocated by Kaufmann and Vonderwahl. In 
fact, since in each the two nitrogen atoms are connected by a chain 
of conjugate linkings, it is probable that the two types of formula 
represent virtually tautomeric compounds. 

If this should prove to be the case, the objection might perheps 
be rais^ tbi^t, whilst^ the experim^te recorded in this paper sliow 
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definitely that the dimethyluocyanine salts have one of the (sup¬ 
posedly) tautomeric formulae, VI or VII, they do not provide a 
satisfactory basis for distinguishing between these two. It might 
be argued that the compound actually oxidised was the i^ocyanine 
base set free by the excess of alkali developed by the reduction of 
the permanganate, especially as the salt employed was that of a 
weak acid, and that the base might differ in constitution from the 
salts. The nature of the oxidation products, however, shows that, 
if they are derived from a base, this must be an ammonium base, 
not a pseudo-base; and a strong quaternary ammonium base, as 
this must be, must correspond in constitution with its salts. For if 
the compounds are tautomeric, as supposed, the acid radicle of the 
salt and the hydroxyl group of the base must each be attached to 
the more strongly basic of the two nitrogen atoms. 

There is further no apparent reason why a compound of the 
foimula VII, if present, should not be about as readily oxidised to 
l-methyl-4-quinolone and a 1-methylquinaldinic acid salt as the 
substance VT is oxidised to l-methyl-2-quinolone and a 1-methyl- 
cinchonic acid salt. An experiment was carried out in which the 
quantity of acetic add necessary to keep the reaction mixture 
neutral was added to the permanganate solution before it was 
allowed to run into the i^ocyanine. The products of oxidation were 
the same as in weakly alkaline solution and, in spite of careful 
search, no evidence of the formation of l-methyl-4-quinolone or of 
a 1-methyl quaternary salt of quinaldinic add could be obtained. 

It would therefore appear justifiable to draw from these experi¬ 
ments the inference that the dimethyl/socyanine salts have the 
structure represented by formula VI. 

There is an observation of Kaufmann and Vonderwahl which con¬ 
firms this suggestion of the virtual tautomerism of the />ocyanines. 
These authors have shown {Ber,, 1912, 45, 1418) that 1-ethyl-l'- 
methyl-2'-phenylwocyanine iodide (VIII), when heated in a high 



I 

(vin.) 

vacuum, decomposes into ethyl iodide and a base having the com¬ 
position of a phenylmethylquinolylene-quinaldine. This proves that 
in this compound the iodine is attached to the nitrogen atom in the 
quinaldine residue, otherwise methyl iodide would be eliminated. 
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This substance therefore has the formula VIII, and does not corre¬ 
spond in constitution with the dimethylwfocyanine salts. It is note¬ 
worthy that, like other 2'-substituted wocyanines, it is an 
exceedingly feeble sensitiser (Pope and Mills, Phot. J., 1920, 60). 

If, as would thus appear, the wocyanines are virtually tautomeric 
compounds, differences of constitution of this kind would be ex¬ 
pected to occur. In the compound VIII the basicity of the nitrogen 
in the quinoline residue must be lowered by the presence of the 
adjacent phenyl group, and it is probable that a reversal is thereby 
brought about of the normal order of basicity of the two nitrogen 
atoms which obtains in the simpler isocyanines. Thus, wliilst the 
powerfully sensitising 1:1'-dimethyl/ifocyanine salts, and therefore 
presumably also the closely related 1:1'-diethyl- and l:l':6 -tri- 
methyl-Mocyanine salts have molecular constitutions corresponding 
with formula VI, certain /ifocyanines negatively substituted in the 
quinoline half of the molecule must bo regarded as having a 
structure of the type represented by VII. 

The cyanines correspond so closely with the uocyanines in forma¬ 
tion, composition, and general properties that it has been generally 
recognised that their constitution must follow from that of the 
latter class of dyes. The formula VI established for the tsocyanines 
therefore practically fixes that of the cyanines as 


R 

I 



ch: 


/“\ 

\_/ 

\_/ 


Experimental. 

Oxidation of \ .V-DimeihyVi&ocyanme Acetate* 

Since it was desirable to carry out the oxidation of the i^ocyanine 
in aqueous solution, and the chloride, nitrate, and sulphate of the 
dye were found to be sparingly soluble in water, the more readily 
soluble acetate was prepared by treating the iodide with silver 
acetate. 1 :l'-Dimethyli>ocyanine iodide (Pope and Mills, Zoc. cit*) 
(5 grains) was dissolved in alcohol (250 c.c.), silver acetate (10 
grams) ground into a cream with alcohol (30 q.c.) was added, and 
the mixture was boiled for half an hour. The solution, which was 
then found to be free from iodide, was filtered, and the filtrate was 
evaporated to dryness> the last traces of alcohol being carefully 
removed by a current of -warm air. The dimethylwooyanine acetate 
obtained in. this way was dissolved in water (250 c.a)^ and this 
solution was used for the oxidation* It was browner than true 
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solutions of dimethylwocyanine salts, and was possibly a colloidal 
solution, since ihe addition of a little acetone immediately restored 
the brilliant tsocyanine colour, and dilution with water had the 
same effect. 

To carry out the oxidation the aqueous solution of the acetate 
was cooled to 0^ and a 3 per cent, solution of potassium permangan¬ 
ate was allowed to drop slowly into the rapidly stirred liquid until a 
drop placed on filter paper showed the first signs of a permanganate- 
coloured ring round the moistened spot. In an experiment in which 
the acetate from 174 grams of iodide was dissolved in 100 c.c. of 
water and oxidised in this manner, 45*7 c.c. of 3 per cent, potassium 
permanganate solution were required. Since the molecular weight 
of the iodide, which contains one molecule of methyl alcohol of 
crystallisation, is 458, the permanganate used corresponds with 3*4‘J 
atoms of oxygen per molecule of /^ocyanine. In most of our later 
experiments the acetate solution prepared from 5 grams of iodide 
was divided into two equal parts, and to each of these 67-5 c.c. of a 
3 per cent, potassium permanganate solution, corresponding with 
3*55 atoms of oxygen per molecule of ?^ocyanine, was added. 

Illation of \-MethtfU2-quiiujlvne. —After the addition of the per¬ 
manganate solution was com])lete, the precipitated manganese 
dioxide was removed, and the pale brown filtrate was extracted with 
cklorofonn. The chloroform solution, after being dried with potass¬ 
ium carbonate, was evaporated; the brown residue, placed in a 
vacuum desiccator over solid paraffin and sulphuric acid, became 
solid after some days. Extraction of the residue with light petrol¬ 
eum (b. p. 40—60^) gave a pale yellow solution, which, on cooling, 
deposited a substance crystallising in long, colourless needles. After 
recrystallisation from light petroleum, this substance melted at 
73—74°, which is the melting point of l-methyl-2-quinolone (Knorr 
and Rabe, Ber.^ 1897, 30, 930). The analytical results agreed with 
those required for this compound. (Found, C = 75*75; H = 5’7. 
CjoH^ON requires C=-75*43; H=5'7*per cent.) 

The hydrochloride obtained by treating the quinolone with hydro¬ 
chloric acid melted at 110—113° and the mercurichloride at 189°. 
The melting points recorded for these compounds are 112° and 189° 
(Ostermayer, Ber., 1886, 18, 595; Friedlander and Muller, Ber.^ 
1887, 20, 2010). 

A specimen of l-methyl-2-quinolone was then prepared from quin¬ 
oline methiodide by oxidation with alkaline potassium ferricyanide 
as described by Decker (/. pr. Chem., 1893, [ii], 47, 31), and a 
comparison of this with the compound obtained from the wocyanine 
and, in particular, the agreement of the mixed melting points of the 
bases, the hydrochlorides, wid the mercurichloridee with those of 
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the separate substances left no doubt as to the identity of the two 
compounds. From 5 grams of dimethyl/^ocyanine iodide 1'38 
grams of crude methylquinolone were obtained. This weight is 
79—80 per cent, of the theoretical amount. 

Isolation of Ci/nchonic Acid Methochloride. —After the removal of 
the methylquinolone by extraction with chloroform the weakly 
alkaline liquid was acidified with hydrochloric acid and boiled for 
an hour with animal charcoal (5 grams). The nearly colourless 
filtrate from the charcoal was then evaporated to dryness and the 
residue extracted with absolute alcohol. The alcoholic extract having 
been concentrated to a volume of about 7 c.c., two volumes of ether 
were gradually added, when a flocculent precipitate of cinchonic 
acid methochloride was formed, which was collected and dried; T7 
grams were thus obtained from 5 grams of dimethyl//focyanine 
iodide, a weight which corresponds with 69—70 per cent, of the 
theoretical amount. 

As cinchonic acid methochloride is too soluble to be readily 
recrystallised, it was converted into the corresponding methiodide 
and methylbetaine, and the identification of these compounds was 
effected in the following manner. 

Cinchonic Acid Methiodide, —This substance was obtained by 
adding 1 c.c. of a saturated solution of potassium iodide to a con* 
centrated aqueous solution of the chloride (T5 grams) slightly acidi¬ 
fied with hydrochloric cwrid. The yellow, crystalline precipitate 
crystallised from alcohol in fine yellow needles melting at 222®, 
which is the melting point of cinchonic acid methiodide (H. Meyer, 
Monatsh,^ 1903, 24, 201). A specimen of cinchonic add methiodide 
(6) was prepared from dnchonio add as described by H. Meyer 
( loc . cit .), and the synthesised compound was carefully compared 
with that obtained from dimethyl7«o(yanine iodide (a). Both sub¬ 
stances, as well as a mixture of the two, melted at 222®, and both, 
air-dried under the same conditions, contained practically the same 
percentage of iodine. (Found, I=:(ct) 37 0, (6) 37*3. CijHio02NI,H20 
requires I = 38T per cent.) 

After dr 3 ring at 110® and 10 mm.: Found, (a) 0 = 41*6, H = 3‘6; 
(b) 0 = 41*5, H=3*4. CnHioOgNI requires 0 = 41*9; H = 3*2 per 
cent. 

Cinchonic Acid Methylbetaine, —^The methiodide was converted 
into the corresponding betaine in the usual manner by treating it 
in aqueous solution with silver oxide and evaporating the filtrate to 
dryness over sulphuric Acad in a vacuum. The betaine was purified 
by dissolving in absolute alcohol and precipitating with dry ether, 
and then formed oolonrlw needles melting and decomposing at 



THE FBBPAEATION OF OXIMINO-DBEIVATIVES. 


687 


219—221° (a). A spediinen of dnchonic acid methylbetaine, pre¬ 
pared in exactly tlie same manner from the synthetic methiodide, 
melted and decomposed at 222—223° (6), and the mixture of the 
two substances melted at the same temperature. Also close corre¬ 
spondence was shown in the behaviour of the two substances when 
heated side by side in the same bath, darkening beginning in each 
case at 170°. Claus (Aimalen, 1892, 270, 347) gives the melting 
point of this compound, which varies somewhat with the rate of 
heating, as 236° (decomp.), and H. Meyer (loc, rit.) as 232° 
(decomp.). Both specimens of betaine were analysed. (Found, 
(a) C = 70'4; H = 4-8; (h) C=.70-6; H-4-85; CjjHgOoN requires 
0 = 70*6; H —4 *8 per cent.). 

When aqueous solutions of the betaine and picric acid are mixed 
a picrate is formed, crystallising in long, yellow needles. Specimens 
of this picrate prepared from the betaine from the vVfocyanine and 
from the synthetic betaine both melted at 228°, and the melting 
point of a mixture showed no depression. 

The alcohol-aether solution from which the cinchonic acid metho- 
chloride had been precipitated contained a small quantity of another 
chloride melting at 193—194° and giving a picrate melting at 
159—161°. InsufRcient of this substance was obtained to allow of 
its identification. It is, however, quite different from quinaldinic 
acid methochloride. 

University Chemical Laboratory, 

Cambridge. \Recrivcdf April I5th, 1920.] 


LXIIL —Experiments on the Preparation of Oximino- 

derivatives . 

By William Kershaw Slater. 

The conversion of ketones into oximino-derivatives by the action 
of alkyl nitrites and mineral acids, in accordance with the general 
equation 

R-CO-CHg-R' 4- Alk-O-NO =R-C0-C(:N0H)-R' + Alk-OH, 
appears to have been first carried out almost simultaneously by 
Claisen (Zfer., 1887, 20, 252) and Sandmeyer (ibid., 639). The 
method has since been extended to a large variety of ketones, but 
has proved to be by no means generally applicable. 

There is little in the work hitherto published on the subject 
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which serves to explain the variable yields obtained in different 
oaseS; or to make possible a reasonable forecast of the approximate 
conditions likely to ensure even a partial success in applying the 
method to a new ketone. 

Researches, on which the present author and others have been 
engaged for some time in these laboratories, have emphasised these 
defects in our very empirical knowledge of the reaction in question. 

Prof. Lapworth suggested that a comparative study of ketones 
of several different types should be undertaken, special attention 
being devoted to the influence of the mineral acid catalyst, the 
nature, concentration, and condition of which were evidently the 
most important factors in detennining the course of the reaction 
and the yields obtained. The activity of the catalyst is deter¬ 
mined by mapy factors, and not least by the basic character of the 
solvent. Variations in the activity of the catalyst might have 
been avoided by working in aqueous solution, but, owing to the 
well-known depressant effesct of water on the catalytic activity of 
hydrogen chloride, the quantity of catalyst required under these 
conditions is inconveniently large. In the less basic solvent, ether, 
the quantity of hydrogen chloride required is very small, but its 
activity is seriously influenced by traces of water. 

Ether has, however, a further advantage in that it can be easily 
removed from the products, and, in consequence of this property, 
was adopted as the solvent. The alkyl nitrite employed was methyl 
nitrite, which the author some years ago had used with considerable 
success in unpublished researches carried out in conjunction with 
Prof. Lapworth. 


PrejKxraiion of Methyl Nitrite. 

The methyl nitrite was prepared by dropping sulphuric acid 
(one part of acid to two of water) on a mixture of methyl alcohol 
and sodium nitrite in molecular proportions, diluted with its own 
volume of water. The mixture was heated on a water-bath and 
the vapour passed through a reflux condenser to retain the methyl 
alcohol. The methyl nitrite was then passed through a cooled 
U-tube containing glass wool, and finally through a calcium 
chloride tube before it enters the absorption apparatus, which 
conristed of a gas jar fitted with a rubber stopper carrying a short, 
efficient condenser, a Witt stirrer sealed with light petroleum oil, 
and two lead tubes, one for methyl nitrite and the other for 
hydrogen chloride. 



PREPAEATION OF OXIMINO-DKEIVATIVE8. 


689 


Method of carryi/n^g out the Reaotion. 

The ketone under investigation, dissolved in five times ite own 
bulk of ether, was placed in the reaction vessel, the stirrer started, 
and about 10 c.c. of hydrogen chloride were introduced. The 
stream of methyl nitrite was allowed to enter, and absorption took 
place rapidly, the ethereal solution being drawn up the delivery 
tube if the stream of gas was not maintained constant. 

It was found that in order to carry on the reaction, 10 c.c. of 
hydrogen chloride had to be added every fifteen minutes. This 
addition a})])oarcd to correspond with the rate at which the catalyst 
was U8e<l up. 

The reaction was continued until the solution would absorb no 
more methyl nitrite, which in the average case recpiired from one 
and a-half to two hours. The oximino-derivative was obtained by 
evaporating off the ether either in a stream of dry air or by gently 
lieating on the water-])ath. The subsequent treatment of the 
material depends on the individual ketone under investigation. 

The reaction was studied for four general clas.ses of ketones. 

(1) ArybCO'CII.^. Example, acetophenone. 

(2) AlkybCO'CHy. Example, acetone. 

(3) Alkyl•CO*CILi*CTL^. Example, methyl ethyl ketone. 

(4) ArybCO-CH./CHa. Example, propiophenone. 


OximitUKiretophefiofie and Oximi noace tone. 

In a considerable niunlw of uniform experiments, 10 grams of 
acetophenone gave, on evaporating methyl alcohol and ether, 
11 grams of oil, and this, after agitation with 10 }:)er cent, sodium 
hydroxide and ether, was divided into 51 grams of unchange<i 
ketone and 4'2 grams of oximinoacetophenone, corresponding with 
a conversion of about 40 per cent. Halving the concentration of 
hydrogen chloride led to a 20 per cent, yield, whilst doubling it 
not only failed to raise the yield above 40 per cent., but led to an 
increased production of by-products, amongst which is a lachrym¬ 
atory material. Furthermore, experiments with mixtures of the 
ketone and its oximinoderivative showed that with a constant 
concentration of the catalyst, action would not proceed after the 
above maximum had occurred. 

The case of acetone exactly resembled that of acetophenone, 
6 grams of the oximino-derivative being obtained; the method is 
not so satisfactory as that of Tsdhugaev (/. Euss. Phys. Chem. 
‘S'oc., 1910, 42 , 1466), depending on acetoacetic ester. 
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0ocimino^ethyl Ethyl Kttone a/nd Oxitni/noprop^phencyne. 

These substances represent the second type of compound, in 
which the reaction proceeds almost to completion. Ten grains of 
methyl ethyl ketone yielded 13*6 grains of the oximino-derivative, 
corresponding with a 97 per cent, yield. This oximino-derivative 
appeared to be much lees sensitive to the hydrogen chloride than 
those previously described. 

The case of propiophenone resembled that of methyl ethyl 
ketone, but the yields were not so satisfactory, owing to the form¬ 
ation of what the author believes to be the corresponding nitroso- 
derivative. Five grams of propiophenone yielded 6 grams of oil, 
which, on treatment with 10 per cent, sodium hydroxide and ether, 
gave a bright bluish-green, ethereal solution. This solution was 
shaken with anhydrous sodium carbonate, and yielded 4*5 grams 
of oximinopropiophenone, which corresponds with 75 per cent, of 
the theoretical. 


Ethyl Oximmoacetoctcetate, 

The application of the method to acetoacetic ester resulted in 
the formation of the «yn-oximino-derivative described by 
Jovitschitsch (J5er., 1895, 28, 2685). 

Five grams of acetoacetic ester yield 6 grams of an oil which 
consisted almost entirely of ethyl oximinoacetoacetate. 


Summary of Rtsvlts. 

As the result of the investigation, it is possible to divide ketones 
into two general classes, namely, (1) those containing the group¬ 
ing R'CO'CHg, and (2) those containing the grouping 

R-CO-CHg-CHj. 

The oximino-derivatives of the first class appear to be very 
sensitive to hydrog^ chloride, and, consequently, it is advisable 
in dealing with ketones of this class to reduce the concentration of 
the catalyst to a minimum. 

The oximino-compounds of the second class are much more 
stable towards hydrogen chloride, and the concentration of the 
catalyst can be varied between wide limits without materially 
influencang the end-product. 

It is hoped that these oteervations may serve as a guide waen 
details for the preparation of an unknown oximino-derivative are 
required. 
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Addendum. 

The Freparation of Gupferron. 

The use of methyl nitrite was tried in the preparation of 
cupferron (ammonium salt of A-nitroso-)8-phenylhydroxylamine), 
and was attended by excellent results, as the following example 
will indicate. 

Ten grams of crude phenylhydroxylamine, prepared by Marvel 
and Kamm's method (J. Amer. Ghent. Soc.y 1919, 41, 276), were 
dissolved in ether, and the sodium chloride present in the crude 
material was filtered off (1 gram). The ethereal solution was first 
saturated with dry ammonia, and then, whilst the stream of 
ammonia was continued, a stream of methyl nitrite was led 
through. After a few minutes, a mass of lustrous plates began 
to separate, and at the end of twenty minutes the reaction was 
complete. The cupferron was collected, washed with a little ether, 
and dried. The yield was 12 grams, which is equal to 94 per cent, 
of the theoretical. The material obtained gave the characteristic 
reactions with copper and iron. 

In conclusion, the author wishes to acknowledge his thanks to 
Prof. Lap worth for the assistance and advice which he has kindly 
given during the progress of the research. 

The University, 

Manchester. [Received, March 2 m , 1920.] 


LXIV .—The Fol'mation and Stability of Associated 
Alicyclic Systems. Part 1. A System of 
Nomenclature, and Some Derivatives of Methane- 
Il-cycloprojuane and of Meihane-\ll'CyQ\opropa7ie. 

By Richard Moore Beesley and Jocelyn Field Thorpe. 

In a series of papers entitled The Formation and Stability of 
-vp/Vo-Compounds,’' of which Part II (T., 1919, 116, 320) has 
recently been published, we propose to study the reactions of those 
lypical substances, known as compounds, which have one 

^rbon atom common to two ring systems as. for example, in the 
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CH 


yCU. 

\Ah, 

(I) 


, /CHj-CH, jm, 

CH./ >CH*CH<; I 


( 11 .) 


CH . - 

I >CH*CH< I 
CH/ \CH. 

(HI.) 


compound I. In the present series it is proposed to investigate 
the properties of associated ring complexes, of which compounds II, 
III, and IV can be regarded as typical examples. It is desirable 


/CH^-CH.. 

CH./ ■/ClI-CH.j 

^CHj-CH^ - CH, 
(IV.) 


^CH^-CHj^^ yCHs-CH, 

\cH,-CUj,/ "\cHj'(jO 
(V.) 


to retain this distinction, because the -compounds are, in their 
properties and reactions, quite different from ordinary ring com¬ 
pounds, and because they do not lend themselves to classification 
in accordance with the system of nomenclature which we are about 
to propose. Moreover, the present system for naming splro-oom- 
pounds is quite satisfactory, as is shown by the name S-cyc/ohexane- 
«p/>ocyc/opentan-3-one, which adequately represents a compound of 
formula V.* 

It is in the case of associated ring compounds that a really com¬ 
prehensive system of nomenclature is required, because the only 
proposals which have hitherto been brought forward do not seem 
to be entirely satisfactory. Thus Baeyer {Ber,, 1900, 33, 3771) has 
published a system in which dicyclic systems are considered. 
Baeyer's method depends on the fact that all dicyclic systems con¬ 
tain three bridged rings which render the compounds capable of 
being distinguished by the prefixes (0.1.2), (1.2.3), (0.1.4), and so 
forth, depending on whether the bridge is formed by the linking of 
two tertiary carbon atoms (0) or whether it is itself formed by 1, 2, 
or more carbon atoms (compare T., 1901, 79, 731). This system is 
without doubt entirely satisfactory so far as dicyclic compounds are 

* If thought desirable, the ^piro-oompouiidfl can be included in the new 
system proposed. For example, compound (V) would be S-ketobutaiK)* 
i:4iii:i.(jg^cfohexane. In fact, the sptVo-structure would always be indicated 
by the repetition of the same index figure on the ring side of the Boman 
numeral. 
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cx>ncerned, and, although Baeyer atates in the last paragraph of 
his paper that it is also applicable to tricyclic systems, it is difficult 
to see how it can be extended without becoming extremely complex. 
Other suggestions have been made by Borsche {Annaleuy 1910, 377, 
70) and by Bredt and Savelsberg (J, pr. Ghern.y 1918, [ii], 97, 1), 
but the systems proposed by them are open to two real objections, 
namely, that terms such as methylene are used to denote ring- 
formation and not unsaturation, and that the names of the com¬ 
pounds do not provide any indication of the cyclic systems to 
which they belong. For example, the names proposed for pinene 
are : 

Borsch c, l-Methyl-r2<*)-dimethylnieihylene-A^(^*^-rye/oh0xene. 

Bredt and Savelsberg. r/i-me.?JoMethylene-d : 4 : 2^-trimethylcyt7o- 
“^ hexene. 

The name in accordance with the nonienclalure proposed in this 
paper would be dimethylmethanell^ -^ ^-niethyl-A^-ryr/fjhexene, 
indicating that the unsaturated grouping is in the r//r7ohexane ring, 
and that the compound belongs to a dicyclic system (11). It is 
evident, moreover, that the use of the word “ meso,” which has 
aJiother and totally different meaning, is an added objection to the 
system proposed by Bredt and Savelsberg. 

A still more complex example may be given in the case of the 
hydrocarbon, 

Cllg—CH—(Jllj 

CMc, ! 

i I ' I 

CH.,—C-CH 

' f / 

CH/ 

which Bredt and Savelsberg ])ropose to call /;-mf\<f<?methylene-l:l- 
diinethyh;yo/ohoxane-amy7A?i-2‘':3‘*-methylene, but would, by our 
system, be named methane-II'' ^-cyr/ohexane-' = ^Il-dimethyl- 
inethane. 

The system now proposed by us appears to be capable of inde¬ 
finite extension to alicyclic compounds containing any number of 
associated rings. It may be briefly outlined as follows: 

A compound containing associated rings may be of two kinds. 

(A) It may be formed from a simple ring compound having a 
side-chain of carbon atoms from which another ring is produced by 
a linking between another carbon atom of the ring and another 
of the side-diain, tliiia: 
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CH,-OHsv 

I >CH-CH,-CH,-CH, 

(VI.) 


CHj-CHj. 

I >CH-CH-CH,*CH, 

6h,-chZ—I 

(vn.) 

CH,*CIT.v 

CHj-CH/-— 

(VIII.) 

CH.-CHjv 

CH, 

(IX.) 


In these cases the side-chain and the ring would be given their 
usual names, the number of linkings joining the two would be indi¬ 
cated by a Homan numeral and the carbon atoms of the two series 
participating in the ring complex would be indicated by means of 
index figures written at the side of the numeral on which the parti¬ 
cular residue is placed. In this way : 

(VII) is Ethylmethane-IP • 2-cyc^opentane.* 

(VIII) is 2-Methylethane-i = ^II^ • 2-cyc^opentane. 

(IX) is Propane-^ • *11^ • ^-cyrfopentane. 

It is evident that under this scheme compound VI would be pro- 
pane-^I^-cycZopentane, but as this hydrocarbon does not contain 
associated rings there is no need to alter the existing nomenclature 
of the type, that is, for example, n-propylcycZopentane. 

The naming of derivatives would then follow in the ordinary way, 
the groups in each portion being treated as at present; thus (.4) is 

CHMe-CHgv CHBr*CH(C02H)v 

I ^CH-CHBr I ^OH-OHa-OH, 

CH,-CBr -CH Me CH,-CMe-—- CH, 

(A,) (P.) 



(O.) 


1 -bromo-2-methylethane-^ = • 2-2-bromo-4-methylcyc/opentane, (B) 

is propane-^ • *11’ ’ *-4-bromo-2-methylcyc^opentane-5-carboxylio acid, 
and (C) is 2-oarboxypropane-^ = ®-IIi • *-2-niethylcy<^opentane. It 
will be noticed that the index figures, taken in order on either side 

* In the case of methane derivatives it is unneoessary to show index 
figures on the methane side of the Boman numeral as the linkings oan only 
emerge Iran one earbon atom. 
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of the Roman numeral, show, in each case, the actual carbon atoms 
linked. 

If a second, third, or »-th ring is formed by the linking of more 
carbon atoms of the original ring and side-chain, the procedure is 
the same; thus, (Z)) is methylmethane-III* = ^ = ^-rycfopentane, (E) is 


CH 


CH,*CHc-1 

I >CH-CMe 

oh,*ch/- 

( D .) 


/CH^ , 

>CH-CH-CHMe 

\ch/_ I 

(B.) 


I 


or 


/CH\ 

cn/ \CH-CFl 
V,../ -^H3 


'cir 


Me 


2-niethylethane-^ = * = *-III’ ■ ^ ■ ^-cycfobutane, 
1 : 1 : 2 ; sjv*: fi = 2 : ^-cyclopentane, and ((?) is 

1: 2 : 3 : 4 : S: ^-cy cloh&KSMe. 

CHj-CIK , 

I \CHOH-CH CH 

Cllj— C- - CH., 

(F.) 


(F) is propane- 
6thane-»=>=' = 2=*=2VI- 




cn-oH 

\i I / 

CH CH 
(O.) 


CH 


It is true that this system of nomenclature could be simplified 
and still rendered quite intelligible by omitting the Roman numeral 
and leaving the index figures to denote the carbon atoms involved, 
thus, ethane-^^* 2 : 2 ) (i; 2 : ^-cyc/opentane, but it is thought that the 
inclusion of the numeral will make for clearness, especially when 
derivatives are being named; moreover, the presence of the numeral 
will at once indicate the class to which the compound belongs. It is 
also evident that the first index figure, on eithcft* side of the Roman 
numeral, might be omitted, because, since the numbering in each 
series starts with the linked carbon atoms, this must necessarily be 
1 in every case. Here again, however, it is thought that the assist¬ 
ance given to the eye warrants its inclusion. 

(B) The associated ring compound may be formed by linking 
pairs of carbon atoms in a ring to which another ring is already 
attached, as, for example, in substance (X). Here again the system 


CHj-CHjv 

I \ 


/CH, 
>CH'CH<: 

CH,-CH,/ \CH, 

(X.) 


CH,-CH 


u a • V/ n -/V, 

I_>CH.CH/| 


CH 


CH,CH,' 


\t 


(H.) 


CH, 


is the same, aad (//) is cyc/upropane-^ = : 2.cy0/opentane, (J) is 


CH,-CH< 


CH 


, ‘\ch*ch/, 

CH,-CH/_^UH 


(/.) 


CH-CH 

CH^CH<^ 

OH-CH 

(X.) 


CH 


^CH-CH 

*\CH-CH 



(XI.) 
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cryc/otpropane-^ • ^ ^ • ^-cyc^W'pentane, {K) is cycZopropan©-^: 2 : 8, 

Ijji: 2 ; 3_^^^^o(prQ,pane, and (XI) is cyclopropane-^ • ®II^ • ^-cyclo- 
propane, the nomenclature of derivativee being the same as already 
illustrated under class (A). 

It may happen that a compound can be assigned to both class (A) 
and class (B), but no difficulties present themselves in such cases, 
for example, (XII) is methane-IP • ^-cycZobutane-^ = ^ * ^III^ '2:3. 


CH-a -/OH 

I ^ >CH-CH<: I 
oh-ch/-Noh 

(XIL) 



(XIII.) 


cyr/opropane, and (XIII) is othane^^' 2112 : : 2 : sjjj. 

1:2: 3.^y^/o.pj.QpajQ0 

It will bo noticed that compound X (p. 595) would be called, 
under the system proposed, cyr/opropane^H^-ryr/opentane, and not, 
as at present, ryc/opropylcyc/opcntane. As in this case two asso¬ 
ciated rings are present, it is probably desirable to adopt the new 
method of nomenclature. 

Regarding the rules to bo observed when naming a compound, 
little ambiguity can exist in connexion with those substances which 
fall within class (A). These compounds form dipyclic systems when 
two linkings couple the side-chain and the ring, and tricyclic, tetra¬ 
cyclic systems, and so forth, when three, four, or more carbon atoms 
are linked together. The only rules which appear to be necessary 
are: (1) That one of the linked carbon atoms in the ring should be 
called 1, and that the corresponding carbon atom in the chain 
should bo also called 1. The numbering would then proceed in 
the ring clockwise, and in the side^chain in the usual manner. 
(2) That the name of the simplest portion of the chain entering into 
ring formation should be used first, and any attached groups should 
be named as derivativee of the simplest chain; thus, (L) would be 


CHjC >OH-UH-CHMe 

(L.) 


2-methylethane-^' ' 2 : o-cyrfohexane, and not propane-^' 

* ^ 2 : fi-cyc/ohexane, or, to take two typic^ examples, (M) would bo 


CMe(™-CMe,-^CH 
{M.) ~ 


/C(CU2H)CB 

CMe/l I 

NjH-CH 


2 

2 




dimethylmei^ane-Il^' ^-l-meftbylcyclohoxaii'-2*otie) not ethane*^' 
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15 8-2:2:3-trimethylcycZop«ntan-4-on©, and (N) would b© dimetliyl- 
nietlian©-II^ • 2-cycZobutan©-2-carboxylic acid, and not ethane- 
1:2111: 8-2 :2-dim©thylcyc/opropane-3-carboxylic acid. With those 
compounds falling within class (B),th6 rules are the same. Thus 
the simplest ring should always b© taken first, and the numbering 
should start from two linked carbon atoms, one in each ring, and 
jyroceed clockwise, thus, (0) should be cyc/opropane^i • 2 8lili: 2 : (•_ 


r 1 7OH 

4CH,( >ch-ch< I 

- 

.*{ 2 3 

(O.) 


OHo— Cc 


>C-CHo 


' 1 I 

3 2 3 

iP) 


r/zr/ohexane, and not cyc/ohexane-^' 2 5 <>IIIi 5 2 : 8-cyc?opropan©. 
When naming a new compound, the first point to ascertain is 
whether it falls within class (A) or class (B), or whether it is made 
up of both these types. If the latter, the system sliould l>e 
analysed, and the name should start with the simplest system 
l)elonging to class (A) involved, as in examples (XII) and (XIII) 
on page 596. In some highly complex cases it will again be 
necessary to bring in class (A) at the end of the name, as, for 
example, in the compound (P), in which both ends belong to class 

(A) and the middle portion to class (B); the name of this sub¬ 
stance would be methane-IF • ^-cyc^obutane-' * 2 • *IIIi *• 3 = o- 
propane *2 5 ^II^ *• ^-ethane. 

In some cases it will happen that a substance, whilst capable of 
being assigned to a single class, that is, to either (A) or (B), can 
also be derived from the mixed type composed of both (A) and 

(B) . Such is the case with the compound (XI) on page 595, which 
can equally well be named methane-II^ = ^-cyc/obutane-' • 211- 
methane. The rule should always be, however, to assign a sub¬ 
stance to a single class, if possible, rather than to introduce the 
mixed type. 

A system such as that outlined above seems to serve as a ready 
means for naming substances having associated rings, many of which 
are certain to be mad© and studied in the near future. It should 
be pointed out, in passing, that where double linkings occur between 
two carbon atoms in the system, the fact will be evident by the 
occurrence of consecutive recurring figures in the same positions on 
cither side of the Roman numeral; thus, (Q) is 2-methylethane- 


rjMe 

OHA /CH-CH, 

<«) 
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1 : 2 : 2 IIJ 1 ; 4: i^cf/clohuteoie, and (R) is cyeZnprapane-^ ^ ® • ^III^ * ^ 
r.ycZaprapane. 

It may be added that the scheme proposed in this paper can also 
be applied to complex heterocyclic systems; thus, tropine would be 


OHg-CH-CFIj 


NMe djH-OH 

I I i 
cn,-uH— 

Tropino. Tropaoocaine. 

methylamine-II^' ^-S-hydroxyryr/oheptane, tropacocaine would be 


CH,-OH-OH, 

1*1 I * 
NMe (mOBz 

CH,-UH-OH, 


OH,-OH—CH„ 
^1 I * 

NMe 00 


CHj-OH- 


-CH-CO,H 


OH,-OH 


I, 


OH, 
Tropinone. 


CH^-CH 


NMe OH-OH 
’ OH, 

Ecgonine. 


methylamine-II^ = ^-S-benzoylcyc/oheptane, tropinone would be 


* I 
NMe 


-OH-CO^Me 
-OH, 


CH,CH- 


Cocaine. 


N-[CH,],*OBz OH 
OH,-OH-CH 


OH'COjEt 
I ’ 


Eccaine. 


methylamine-IH' S-cycZaheptan-3-one, ecgonine would be methyl- 
amine-II^ = 5-cycZoheptan-3-oh2-carboxylic acid, cocaine would be 
methyl methylamine - II^ ♦ ®-3-benzoylcycloheptane - 4 - carboxylate, 
and eccaine, ethyl y-benzoylpropylamine-II^ • ®-A*-cycZoheptene-2- 
carboxylate. 

We have been led to propose this system of nomenclature in order 
to name certain compounds, belonging to two of the simpler series 
of associated rings, which are described in this paper, and for which 
no adequate system of nomendatuie exists. A brief mention of one 
of these compounds was made in the Proceedings (1913, 29, 346), 
but the war and the necessity for preparing considerable quantities 
of material has delayed publication until now. 

The starting point is j3)8-dimethylpropanetricarboxylic acid 
(XIV) (Thorpe and Wood, T., 1913, 108, 1583), which can be con¬ 
verted into the dibromo-ethyl ester (XV) on treatment with bromine 
and phosphorus pentabromide under special conditions described in 
the experimental part. If this bromo-ester is treated with pyridine 
it is converted into the di-lactone ester (XVI), from which the acid 
(XVII) can be obtained on hydrolysis. 

yCH^-OO^H /CHFr-COoEt 

CMef^CHj-COjH CMef~0HBr-00,Et 

^OHj-OOaBt \0Hj-00,Et 

(XIV.) (XV.) 
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O-OH—00 

00 

I I 

OH,-OMe-OH-CO,Et 

(XVI.) 


O— 

I 

00 

I 

OH, 


-CH-OO 
I 

o 

CMe-OH-COjH 
(XVII.) 


If, however, the bronaoester (XV) is treated with concentrated 
aqueous potassium hydroxide at a high temperature it is converted 
into the acid (XVIII), for which the name carboxymethane-II^' ^-3- 
niethylfyc/opropane-l: 2-dicarboxylic acdd is proposed. This acid 


OH-CO,H 

^oH-COjH 

•K* 

(XVIII.) 


CH-CO 

OMe(^(j.CO.H O 

\h— io 

(XIX.) 


is a remarkable substance, and is, we believe, the first of its type 
to be prepared. It contains two asymmetric carbon atoms, marked 
above with asterisks, and should, therefore, exist in ds- and trans- 
forms corresponding with the two inactive forms of tartaric acid. 
On the other hand, there is no possibility of free rotation about 
these two carbon atoms owing to their participation in the double¬ 
ring formation. The acid should, therefore, also exist in two forms 
corresponding with fuinaric and maleic acids. An examination of 
the following figures show.s, however, that three inactive forms only 
are theoretically possible: 


i: 


CMe 

\ 

/ 

( 'o,n 

CO,11 


CMo 


/ 


/ 


j 


\ 


, \ 

/ - < 

<' CO.,II 

cun 11 n co,M 

(/j 


A 


CO,H 

CO,U ll CO,H H 
(C> 


One of these, that represented by Fig. a, might be expected to 
give an anhydro-acid with great readiness,! and, of the other two, 
that represented by Fig. c might also be expected to give an 
anhydro-acid, but with less readiness than the acid of Fig. a. The 
acid of Fig. c is, as a matter of fact, similar in structure to cis- 
norpinic acid which, as Perkin and Simonsen have shown (T., 1909, 
96, 1176), is converted into the anhydride when heated in a sealed 
tube with acetic anhydride at 220°. On the other hand, the acid 

1 * The fourth possible form in the mirror image of Fig. c. 

t The two asymmetric carbon atoms are evidently brought into close 
proximity by the olosiiig of the second cyclopropane ring. TWs fact, which 
can be easily demonstrated on the models, is well illustrated by the experi- 
*ttents described in this paper (see note by C. Ingold, p, 608), 
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represented by Fig. b should not give an anhydro^acid unless the 
carboxyl group attached to one of the asymmetric carbon atoms 
entered into combination with the carboxyl group attached to the 
tertiary carbon atom at the far angle of the system, a contingency 
which, as will be shown later, is extremely unlikely because the 
tribasic acid (XXVIII) (p. 602), in which the third ring is formed, 
shows no tendency to pass into an anhydro-acid. We have therefore 
assigned the formula XIX to both the anhydro-acida whidh we 
have prepared. 

The add of formula XVIII can, as a matter of fact, be isolated 
in three distinct modifications, melting at 193°, 166°, and at 154° 
respectively. The acid melting at 154° passes into the anhydro- 
add melting at 103° when it is heated a few degrees above its melt¬ 
ing point. It therefore, in all probability, has a structure repre¬ 
sent^ by Fig. a. The acid melting at 165° also gives an anhydro- 
add (melting at 121°), but only does so when it is heated in a 
sealed tube with acetic anhydride at 200°. The acid has. therefore 
the structure shown in Fig. c. Finally, the add melting at 193°, 
which shows no tendency whatever to yield an an hydro-add, in all 
probability has the structure given in Fig. 6. 

The anhydro-acids are each converted into the adds, from which 
they are derived, on boiling with water, but we have not as yet 
succeeded in finding the conditions under which the three adds are 
converted the one into the other. This is probably in part due to 
the fact that one cannot subject the adds to the usual conditions 
which convert cis- into trans-iormBf such as prolonged heating with 
hydrochloric add or hydtobromic add in a sealed tube, because 
under these conditions all three modifications ai'e transformed into 
the di-lactonio add (XVII), a fact which dearly shows that the 
sttuctures assigned to them by us are correct. There may, how¬ 
ever, be some fundamental reason why the interconversion of these 
three forms is impossible, because it will be noticed that, in an add 
of formula XVIII, the ring must be broken before free rotation, a 
condition which is presumably necessary for interoonversioii, can 
ensue, and since it is evident that the lactone form is more stable 
than the ring complex, it follows that all attempts to bring about 
interconversion of the three forms will lead to the fission of the 
carbon ring systems. 

As it happens, the three adds are all produced in the original 
reaction and in, so far as we can judge, about equal proportions. 
Their separation is a simple matt^ because the adds themselvee 
are insoluble in dry other, whereas the anhydro-adds are readily 
soluble in this solvent. J[i is only necessary, therefore, to heat the 
mixed acids, extract the anhydro-add of the add melting at 164°, 
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then to treat the residue with acetic anhydride, and, after extract¬ 
ing the anhydro-acid of the acid melting at 165®, to leave the add 
melting at 193® in a comparatively pure condition.* 

It follows from the fact described above that an add of formula 
XVIII, although containing only two asymmetric carbon atoms, 
can exist in three inactive forms. The mirror images of two of these 
forms, namely, those represented by Figs, a and 6, that is to say, 
the adds melting at 193® and 154® respectively, are superimposable. 
They aie therefore not resolvable. On the other hand, the mirror 
images of the acid represented by Fig. c are not superimposable, 
and this add, which is that melting at 165®, is probably capable of 
resolution in its optical enantiomorphs. As regards their general 
behaviour, the three acids are comparatively stable substances. 
They do not, for example, reduce alkaline permanganate in the cold 
and do not decolorise bromine. 

Except when heated in a sealed tube with either concentrated 
hydrochloric or hydrobromic acids, when they are converted, as 
ah’eady mentioned, into the di-lactonic acid (XVII), they remain 
unaltered oven after prolonged boiling with aqueous adds or 
alkalis. 

A very remarkable confirmation of the correctness of the formulae 
assigned to these adds by us is afforded by a study of their 
behaviour on bromination. When, for example, the add melting at 
154® is treated with the right quantity of phosphorus pentabromide 
and bromine to form the moiiobromo-add bromide and the product 
is poured into alcohol, the bromo-ester (XXI) is obtained. 



(XXI.) (XXII.) (XXIII.) 

This bromo-ester is not altered by boiling pyridine, and when 
hydrolysed by alkali hydroxide yields the bromo-add (XXII). The 
bromine atom in this compound is extremely unreactive, and is not 
attacked by any of the usual reagents, although the add is readily 
converted into the anhydro-add (XXIII) on treatment with acetyl 
dilorida 

The add melting at 165®, when treated in the same way, is con- 

* We propose to ne m** the add melting at 154^ the tneso-cis-acid, that 
meltmg at 193^ the tneeo-lraiM-aoid, and that melting at 165® the raoemio 
acid. 

VOL. OXVII 
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verted into a similar bromo-ester (XXIV), which, when boiled with 
pyridine, passes into the lactonio ethyl ester (XXV), from which 
the lactonio acid (XXVI) can be prepared on hydrolysis. 


CMe 



CO^Et Br diEt H 
(XXIV.) 



(XXV.) (XXVL) 


When the add melting at 193° is treated with phosphorus penta- 
bromide and bromine, and the product is poured into alcohol, an 
oil is obtained which is free from bromine. This oil is evidently the 
compound XXVII, since it yields the add (XXVIII) on hydro¬ 
lysis. 


(,;Mr 


c . r 

CUEf c^!:t 

(XXVII.) 


CMe 



CQ,II CO,H 


(XXVIII.) 


The add (XXVIII), for which we propose the name methyJ- 
inethane-IIF • ^ ^ 3-c^c/opropane-l: 2:3-tricarboxyHc acid, is identical 
with that already briefly mentioned in the Proceedings Qoc, cit.). 
It is also formed, but only in small quantities, when jS)9-dimethyl- 
propanetricarboxylic add (XIV) is converted into its tribromo-ethyl 
ester (XXIX), and this is treated with concentrated aqueous alkali 
hydroxide at a high temperature. When boiled with pyridine, the 
tribromo-ester is converted into the tri-lactone (XXX) (m. p. 182°). 


yCHBr-COjEt 

OMe^CHBr-COjjEt 

\CHBr-00,Et 

(XXIX.) 


0-Cfl—CO 

00 o 

(IlH—UMe—(! iH 

o- ho 

(XXX.) 


Methylmethane-III^ * ^ ^ dopropane-l: 2:3-tricarboxylic add 
could be isolated in only one form. It does not yield an anhydro- 
acid even when heated with acetic anhydride at a high temperature. 
It does not reduce alkalme permanganate in the cold, but is oxidised 
on heating, yielding methylsuodnio add, together with other pro¬ 
ducts which were not identified; it does not decolorise brcunine* 
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is stable towards boiling acids and alkalis, but when heated in a 
sealed tube, with either concentrated hydrochloric or hydrobromic 
acids, it is completely converted into the tri-lactone melting at 206® 
(XXX). 

[The following note has been written by Mr. C. K. Ingold.] 

In the pa])er already mentioned (loc. cit.), certain alicyclic ring 
structures were examined in the light of the hypothesis that the 
resultant lines of action of the forces of valency in such carbon 
rings are not straight lines, but are more or less deeply curved, 
the amount of curvature being determined by an equilibrium in 
the distribution of the strains of the ring. In any ring, such as 
the r//c7opropauo ring represented in Fig. 1, if the whole of the 

Fia. 1. Fig. 2. 




D 


distortion were borne by the atoms, the valency resultants would 
lie along the shortest possible paths, the straight lines AB^ BCy 
CA, The pair of valencies AB, ACy for example, would in this 
case emerge from the carbon atom d. at a considerably smaller 
inclination than do the corresponding unstrained directions Ah^ 
Ac, If, on the other hand, the whole of the distortion resided on 
the valencies, so that the directions of emergence from each carbon 
atom were the unstrained directions Ahy Ac, etc., inclined to one 
another at the normal tetrahedral amgle (2oos“^J>/3=:109®28'16"), 
the valency resultants themselves would pursue paths of maximum 
curvature the terminal tangents of which are the unstrained direc¬ 
tions in question. Previous experiments have indicated (T., 1919, 
116, 323) that the distortion lies neither wholly on the atoms 
nor wholly on the valenoiee, but partly on both, in which case the 
true paths of the valency resultants must be curves, such as the 

Z 2 
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dotted lines in Fig. 1 are drawn to represent, lying between the 
limiting straight paths on the one hand and the paths of maximum 
possible curvature on the other. The terminal tangents of these 
true (dotted) paths will therefore be inclined at each carbon atom 
at some angle intermediate between 60° and 2 cos-^^a/3. 

In any simple carbon ring such as the above, it is dear, both 
from symmetry and from the mechanical equilibrium of the carbon 
atoms, that all the limiting curved paths must lie in the same 
plane with the straight paths. The consideration of a more com¬ 
plex system, sudi as the c^icycZobutane ring (Fig. 2), is, on the 
other hand, coonplicated by the fact that the limiting straight 
paths ABf BOj CA, B1), DA lie in two planes, and the limiting 
curved paths in three. The curved paths d(7, BCy for example, 
will, from the mechanical equilibrium of the carbon atom, C, lie 
in the plane ABC. For similar reasons, the curved paths yl/>, 
BD\ will lie in the plane ABD. Both symmetry and the 
mechanical equilibrium of the carbon atoms A and B require that 
the curved path AB shall occupy a plane which bisects the angle 
between the planes of the two component c'yc^opropane rings ABC 
and ABD. 

It is of considerable interest to calculate the angle at which the 
planes of the two cyclopropane rings are indined. To do this, we 
have to consider in turn the two limiting conditions imposed by 
the equilibriiim in the strain distribution. 

Take, first, the case in which all the valency paths are straight. 
The carbon atom A will have its four valencies emanating in the 
directions Aa^ A By AC, AD. In accordance with a hypothesis 
which was made the subject of a previous communication (T., 
1915, 107, 1080), these four directions will set themselves in such 
a way that, whilst the angle BAG is 60° and the angle BAD is 
60°, the angles between every other pair of valendes (namely, the 
angles aAB, oAC, oADy and CAD) will be equal. Describe a 
sphere round A as centre, and let the lines A ay AB, AC, AD cut 
it at B'y C^y D^y respectively. Joining these points by arcs of 
great circles, we obtain the aeries of spherical triangles repre^ 
sented in Fig. 3, in which the sides and B^D^ are each 60°, 
whilst the sides a'D', C'D' axe all equal, say, to 26. 

The angle at 5' of the spherical triangle C^B^D^ is the angle 
between the planes ABC and ABD, that is to say, it is the angle, 
2<t>y which it is intended to calculate. 

From the spherical triangle a'B^C^ we have 


cos (180® 


(1 - cos 60®) .cos 20 
siF60® 7sin~^'^ • 
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and from the spherical triangle 


cos 2<^ 


cos 20 - cos® 60® 
sin® 60° 


These equations transform into 


and 


sin^ 
sin (fy 
cot 20 
cos (fy 


sin 60° 

sin 60® 
cos 60° - 1 


Eliminating from the last two equations the angle we obtain a 
cubic in cos 26, 

2 cos® 20 + 2 cos® 20-2 cos 20 - 1 = 0, 


Fro. 3. Fia. 4 . 




the exact solution of which is 


cos 20 


-IP 

31 U 


+ t 


- u/ 


Uo. I 


u 




where i is the square root of minus one. This is the in^educible 
case of Cardanos solution. Extracting the re^l roots by 
Be Moivre’s theorem, we obtain 


*cos 


( 1 


1 

3 


where tan f ^ 

The second of these three roots leads to an imaginary value of 
6. The first and third correspond with real angles, but the latter 
alone satisfies the pair of original equations from which the cubic 
was derived. We therefore have, since £ = 81®0'39'^ that 
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2d = 113046'4^, and by substitution, 2<^ = 150®32'28". The latter 
angle is the angle between the planes of the two cyclopropane 
rings calculated on the assumption that all the valency resultants 
follow their limiting straight paths. 

Now suppose that all the valency resultants follow their limiting 
curved paths. The four valencies of the carbon atom A (Fig. 2) 
will emerge from that atom in the tangential directions A a, AH), 
Ac, Ad, inclined to one another at the normal tetrahedral angle. 
If we describe a sphere round A as centre and join the points 
, y, c', W, in which the lines A a. Ah, Ac, Ad cut the spherical 
surface by arcs of great circles, we obtain, as before, a network of 
spherical triangles (Fig. 4) the sides of which are all equal to 
2a==2 cos“^J\/3. If 2^8 is the angle at of the spherical triangle 
cJyd^, we have, as before, 


sin a 
8in)8 


sin 2 a, 


which, since sin a 


Vs 


and sin 2a 


2j3 


120 “. 


This is the angle between the planes hAc and hAd (Fig. 2). To 
obtain from it the angle between the planes BAO and BAD, ve 
notice that the plane hAB bisects the angle between the planes 
hAc and hAd, so that if A B cuts the sphere in 7?' (Fig. 4), then 
this point must lie on the median from h^ of the spherical triangle 
also, if 5' be joined to c' and d^ by arcs of great circles, 
the angular distances i8'c' and BUV will each be a+ 30°, which 
completely defines the position of the point B^, The angle at B^ 
of the spherical triangle c^B^d^ is clearly the angle between the 
planes BAc, BAd, that is to say, it is the required angle between 
the planes BAC and BAD, If we call the angle in question 2^, 
then from the spherical triangle c^B^y we have 


sin2o _ sin (a+ 30®) 
sin (180®-^) Binj8 

in which a = 2 cos”^J\/3 and )8 = 60°. Hence 2i^ = 110°9'40". 

The planes of the cyclopropane rings ABC and ABD (Fig. 2) 
will therefore be inclined at the angle 150°32^28^^ or the angle 
110°9'40", according as the paths of the valency resultants are 
quite straight or curved to the maximum, and it is clear that in 
the latter case the carbon atoms C and D will be nearer together 
than in the former. In all actual cas^, the inclinations of the 
planes and the distance between the carbon atoms C and D will 
lie between these limits, the precise values being determined by 
the strain equilibria. 
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The actual distance between the carbon atoms G and B can 
readily be calculated if we assume that a constant distance 
separatee every pair of carbon atoms in direct combination. Men¬ 
tion has already been made (T., 1919, 116, 329) of certain experi¬ 
ments which indicate that in condensed alicyclic rings of this kind 
the distance between two carbon atoms directly combined is con¬ 
stant, or approximately so. Assuming, then, that the distance is 
constant and equal to p, we have that the distance between the 
carbon atoms G and B is equal to p multiplied by the sine of 60° 
and by twice the sine of half the angle between the planes of the 
two c;yc/opropane rings. 

It is of interest to compare this distance with the distance 
between the a and a' carbon atoms of a simple open-chain struc¬ 
ture, such as n^-propane. To take specific cases, we find that the 
distance between the o- and a'-carbon atoms of jSiS-dimethylglutaric 
acid (I) is equal to 2/3 . v/6 . p = r633p. Directly comparable 
with this is the distance between the tertiary carbon atoms of 
methyb/ecyc/obutaneiricarboxylic acid (II). This works out to 



no,con, 



no,ccn 


Prom 
1-675 0 

(Va)micies straight) 
to 

1420p 

(\4il»*ncics curv'ed 
to rnttvimum) 


(I) 


(IT.) (trans-iorm ) 


l'675p on the assumption that the ring-bound valency resultants 
follow their limiting straight paths, and to l‘420p if we assume 
that the resultants follow their limiting paths having maximum 
curvature. If, therefore, the paths of the valency resultants in 
the dicyrfobutane acid (II) are straight, or practically so, then 
the distance between the tertiary carbon atoms should be greater 
than the distance between the a- and a'-carbon atoms of the 
glutaric acid (I). It should therefore be distinctly a more difficult 
matter to establish a bond between the pair of carbon atoms in 
question in the former compound than in the latter. On the 
other hand, if the valency paths in the dteycZobutane acid have 
the maximum of curvature, the distance between the carbon atoms 
will be much less than in the case of the glutaric acid, and it 
should be very much easier to bridge the dicydobutane acid with 
the formation of the ** caged acid (TV) than it is to bridge the 
glutaric acid system, to form the cyclopropane acid (III). 

As a matter of fact, all the experiments described in this paper 
with the dicycZobutane acid (II) point in one direction, namely, 



008 BMflIiEY ANP THOJtPB : THE FOEBCATIOK AND 

tihat the tertiary carbon atoms are much cloeer together than is 
the case with the o- and a'-cew'bon atoms of /S/3-dimethylglutario 
add. Bridging to form the caged acid (IV) appears to like place 



with remarkable readiness, and groups attached to the tertiary 
carbon atoms, if they are in m-positions, possess a strong tendency 
to react with each other. 

It is dear from what has been said that, in order to explain 
this result, one has to assume that the paths of the valency 
resultants in the ^^cyeZobutane system have a considerable amount 
of curvature. We can place a lower limit on what this curvature 
must be by considering how much curvature would be necessary 
to give a distance between the tertiary carbon atoms of the 
</tcycZobutane acid (II) equal to l*633/>, the distance between the 
a- and o'-carbon atoms of dimethylglutaric acid. Precise mathe¬ 
matical treatment would be lengthy, but an approximate estimate 
may be obtained if we take the curvatures of the valency paths, 
reckoned in per cents, of the possible maxima, to be a linear func¬ 
tion of the distance between the tertiary carbon atoms. Calcu¬ 
lating in this way, one finds that if the valendes of the dicyclo- 
butane add had curvatures equal to 16*5 per cent, of the maximum 
possible, the tertiary carbon atoms would be just as far apart as 
the a- and a'-carbon atoms of dimethylglutaric add. In view of 
the experimental evidence, we may therefore say that the 
curvatures are considerably greater than 16*6 per cent, of the 
theoretical maxima. 

The general inference seems to be that, in agreement with the 
condusions reached as a result of certain studies made with apiro- 
compounds (T., 1919, 116, 322), the paths of the valency resultants 
in alicyolic rings are distinctly, and often considerably, curved. 
The present example is one of spedal interest on account of the 
fact that we are enabled to place a lower limit on the amount of 
curvature which actually exists in the constitution of the mole* 
cular structure discussed. 

Whilst the above considerations lead to an intelligible view ef 
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the experimental results, and have the merit of correlating them 
with certain previously ascertained facts regarding condensed 
alicyclio systems, there is another very simple way of looking at 
the present experimental data which ought not to be lost sight of 
in the absence of certain knowledge. One of the salient results of 
the experimental investigation is the great ease with which the 
rfabutane acid passes into the “caged'' acid. This fact 
can be strikingly brought out by making a single assumption with 
regard to the positions of the planes occupied by the valency direc¬ 
tions of the carbon atoms at the ends of the bridge-bond of the 
c/icyc^obutane structure. 



(X.) (F.) 

Considering, first, the caged structure A BCD (formula Z), let 
AR and BS be the directions of the free valencies attached to the 
carbon atoms A and B, For the sake of simplicity, we may sup¬ 
pose all valency directions to be straight. Taking a plan-view 
(formula Y) of the structure (that is, the view from some distant 
point on the projection of AB), we obtain three trace-lines, 
{AB)(RS), {AB)Cy and {AB)D, corresponding with the three 
planes ABRSy ABGy and ABB, If we assume that a constant 
distance separates every carbon atom in the “ caged" structure 
from every other, we can show in a few steps that the angle 
between the planes ABC and ABB, that is, the angle C{AB)B in 
formula F, is co8’"^(^), that is, 70®31'44". This means that the 
angle between each of the other pairs of planes, namely, the angles 
{RS){AB)G and {RS){AB)D are each equal to 144o44'8''. 

Now suppose that the bond CB is broken, and suppose that the 
three planes ABRS, ABOy and ABB maintain the same relative 
positions. This assumption is clearly the negation of the prin¬ 
ciple that valencies emerging from a carbon atom will set them¬ 
selves so that their directions (their initial direotiona if they are 
curved) are as evenly distributed in space as possible, for it has 
already been noticed that the result of applying this principle to 
the carbon atoms A and B leads to much higher values for the 

z* 
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angle between the planes ABC and ABD, One might attempt to 
justify the assumption, however, by supposing that all carbon 
atoms, even when not in direct combination, attract one another, 
and if they are near enough originally (that is, through the struc¬ 
ture of the substance) to be within the sphere of one another’s 
influence, this attraction would tend to draw them nearer, and 
might in the present case be sufficient to prevent the planes ABC 
and ABD springing apart to a larger inclination when the bond 
CD is broken. Whether this is so or not, if the hypothesis that 
the planes ABRSy ABGy and ABD retain the same relative inclin¬ 
ations is tentatively accepted, we have the obvious result that the 
distance between the carbon atoms C and D is the same in the 
eZ/cycZobutane structure (formula Z) as it is in the caged ” com- 



(Z) 


pound. If this is really the case, it gives particulaily clear 
significance to the remarkable degree of facility with which the 
caged*’ substance was formed. 

Experimental. 

(1) The Dihrominatlori of fifi-Dirnethyljn'ojKinetrivarhoxylU Acid, 
Ethyl ^^-Dihroitiodlmeihylitropanciricarhoj'ylatt (XV, p. 599). 

This bromination can be effected by adding 317 grams of phos¬ 
phorus pentabromide to 50 grams of the acid contained in a 
Geissler flask, and then adding 80 grams of bromine gradually 
down the condenser tube. No bromine should be added until the 
contents of the flask, after the addition of the phosphorus penta¬ 
bromide, have become completely liquid, and it should then be 
dropped into the flask very slowly, the temperature being kept as 
far as possible in the neighbourhood of 20°. The operation takes 
some little time, but it is essential to adhere to these conditions, 
otherwise a product containing the correct amount of bromine 
will not be obtained. After all the bromine has been added, the 
mixture may be wanned on the water-bath for half an hour, when 
it will be found that all free halogen has disappeared. The pro* 
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duct is then poured slowly into tliree times its volume of absolute 
alcohol, the temperature of the solution being kept below 25^ 
throughout the operation. Afterwards, when the alcoholic solu¬ 
tion has remained at the ordinary temperature for twelve hours, 
water is added, the precipitated oil extracted with ether, the 
ethereal extract thoroughly washed, first with water and then with 
dilute sodium carbonate solution, and the oily product isolated in 
the usual way. 

The dibromo-eeter cannot be distilled without decomposition. 
When, for example, it is fractionated under diminished pressure, 
it yields a fraction of constant boiling point passing over at 225°/ 
15 mm., but this contains too little bromine, and can be proved to 
contain considerable quantities of the di-lactone ester melting at 
140° (q.v.), formed by the elimination of ethyl bromide during 
the process of distillation. As a matter of fact, the separation of 
the di-lactono ester and the unchanged dibromo^ster in this mix¬ 
ture can be easily effected by the aid of cold benzene, in which the 
former is insoluble. The crude dibromo-ester is therefore not dis¬ 
tilled prior to analysis, but purified as far as possible by placing 
it in an exhausted desiccator over potassium hydroxide for several 
days: 

0-3429 gave 0 2853 AgBr. Br=35'41. 

Ci4H220eBr2 requires Br = 35‘9 per cent. 


The Di-Iactone of ^^J)ihifdrory(Jimethylpi*opanecarhethoxydi- 
carhoxylic Acid (XVI, p. 599). 

This substance can be prepared, as mentioned above, by dis¬ 
tilling the dibromo-ester under diminished pressure, but is best 
obtained in quantity by boiling 60 grams of the ester mixed with 
100 grams of pyridine for six hours on the sand-bath. The pro¬ 
duct is isolated by pouring it into dilute hydrochloric acid, ex¬ 
tracting the oil with ether, and washing the ethereal extract with 
dilute hydrochloric acid. The residue which is left after evapor¬ 
ating the ether from the dried solution is an oil, which distils at 
230°/20 mm. and solidifies in the receiver. 

It crystallises from benzene in small, flattened needles, and from 
hot water in glistening plates melting at 140°: 

0 1705 gave 0*3322 CO^ and 0-0812 H 2 O. 0 = 5311; H = 5-29. 

C 1 OH 12 O 0 requires C=52*6; H = 5*3 per cent. 

The compound dissolves in cold aqueous alkalis. 


z* 2 
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The Di‘l<icione of fi^-DihydroxydimethylpropmietricarhoxyUc 
Acid (XVII, p. 599). 

The di-lactanic ester is readily hydrolysed when it is boiled 
with dilute liydrochloric acid (16 per cent, aqueous solution) for 
four hours, and the corresponding acid separates from the solution 
when it is evaporated to a small bulk. It crystallises from ethyl 
acetate in glistening needles, which melt at 186® : 

0*1269 gave 0*2230 CO 2 and 0 0470 UgO- C = 47*92; H = 4T0. 

CgHgOg requires C = 48*0; H=4‘0 per cent. 

The compound is not readily soluble in cold water, but quickly 
dissolves on wanning; it does not, however, separate from its hot 
concentrated aqueous solutions on cooling, and it is evident that 
some transformation into the hydroxy-acid takes place under these 
conditions. The well-defined needles fall to a fine powder, with¬ 
out loss of weight, when they are heated for a long time at 100®, 
and it is probable, therefore, that at this temperature some change 
in crystalline form occurs. 

The silver salt, obtained from the neutral ammonium salt, is a 
white, micro-crystalline precipitate, which is evidently the salt of 
the dihydroxy-tribasic acid: 

0-2783 gave 0-1615 Ag. Ag = 58*03. 

CgHgOgAgg requires Ag = 58*2 per cent. 


l^he Three Stereoisomeric Forms of GcM’hoxymethcurie-Ti}' ®-3- 
methylcyc\oprop(me-l:2-dicarhoxylic Acid (XVIII, p. 599). 

It has already been shown (T., 1915, 107, 1096) that the action 
of concentrated aqueot^ alkali hydroxide at a high temperature 
leads to the formation of carbon to carbon rings, even in those 
compounds in which the y-poeition of the bromine atoms would, 
under normal conditions, cause them to pass into the correspond¬ 
ing lactones. The foonation of the above acids instead of the 
lactone already described furnishes another example of the efficacy 
of this process. Actually, under the conditions described below, 
no trace of the di-lactonio acid could be found in the product. 
Sixty grams of potaasipm hydroxide are dissolved in 50 c.c. of 
water, and the solution is evaporated over the free flame until it 
reachee a temperature of 150®. Fifteen grams of the dibromo- 
ester mixed with an equal volume of alcohol are now added as 
quickly os possible, consistent with safety, and the very vigorous 
reaction is allowed to subside. It is well to use a large fla^ for 
this operation, as the reaction is almost explosive in its viOll^pO) 
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and some of the material is apt to be lost by spurting. The three 
acids separate together when the concentrated aqueous solution is 
acidified with hydrochloric acid, and can be isolated in the follow¬ 
ing manner. The well-dried mixture is ground with an equal 
volume of dean, white sand and heated at 160°, with frequent 
stirring, for six hours. The cooled product is then ground, trans¬ 
ferred to a Soxhlet apparatus, and extracted with carefully dried 
and purified ether. The ethereal extract, on evaporation, leaves a 
solid residue, which yields the meso-cis-actVf (formula [a], p. 599), 
in slender needles, when it is boiled with a little water and the 
solution, mixed with an equal volume of concentrated hydrochloric 
acid, is allowed to cool. This acid melts at 154° and evolves steam 
at a few degrees above this temperature: 

0 1394 gave 0*2451 CO 2 and 0*0518 H^O. C=47*96; H = 4*13. 

CgHgOg requires C = 48 0; H = 4-0 per cent. 

The acid is insoluble in dry ether or benzene. It can be re- 
crystallised from concentrated aqueous solutions, but is best purified 
by recrystallisation from hydrochloric acid. 

The silver salt, prepared in the xisual manner, is a white, 
apparently amorphous, precipitate: 

0*3142 gave 0*1952 Ag. Ag = 62ri2. 

CgHr,OoAg 3 requires Ag = 62*2 per cent. 

The Anhydro-acid (XIX, p. 599, configuration [a]).—The acid 
reacts readily with acetyl chloride at the temperature of the boil¬ 
ing reagent, and the above substance remains as a white, crystal¬ 
line solid when the chloride is evaporated. It crystallises from 
benzene containing a little light petroleum (b. p. 60—80°) in small 
plates, which melt at 103°: 

0*1771 gave 0*3418 CO^ and 0*0543 H 2 O. C-52*64; H-3*41. 

CgHftOg requires C=52*7; H=^3*3 per cent. 

The anhydro-acid when boiled with water yields the acid from 
which it was derived. 

The racemic acid (formula [c], p. 599) can be isolated in a 
similar manner from the sand remaining in the Soxhlet apparatus, 
and for this purpose the sand is transferred to a glass Carius tube, 
mixed with a sufficient quantity of acetic anhydride, and the sealed 
tube heated at 220° for six hours. The product is then freed 
^rom acetic anhydride by evaporation, the residue ground, and 
again extraotiad with dry ether in a Soxhlet apparatus. In this 
oase, it is best to purify the product left after evaporating the 
ether by reoryi^tillisation from bmizene, from which solvent it is 
O'btained in lustrous platee melting at 121°. The following analysis 
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shows it is be the amhydro-acid of the racemic acid (XIX, p. 599, 
configuration [c], p. 599): 

0*1737 gave 0*3344 COo and 0*0531 HgO. C = 52*50; H = 3*40. 

CgHgOg requires C = 52*7; H = 3*3 per cent. 

The anhydro-acid readily passes into solution when warmed with 
water, and the addition of an equal volume of concentrated hydro¬ 
chloric acid precipitates the racemic acid in small prisms, which 
melt at 165^, the fused acid remaining unaltered at 300°: 

0*1305 gave 0*2294 CO^ and 0*0484 H^O. C = 47'95; H:-4*12. 

CgHgOg requires C = 48*0; 11=4*0 per cent. 

The acid is insoluble in dry ether or benzene. It is character¬ 
ised by giving an insoluble calcium salt, which is precipitated when 
a neutral solution of the ammonium salt is boiled with calcium 
chloride solution. 

The silver salt is similar in appearance to that of the mesa-cis- 
acid: 

0*2987 gave 0*1856 Ag. Ag = 62*13. 

CgHrPgAgg requires Ag = 62'2 per cent. 

The ineso-trans-aci^/ (formula [6], p. 599) can be obtained from 
the sandy residue on extraction with hot water, and separates when 
concentrated hydrochloric acid is added to the solution previously 
concentrated by evaporation. It is appreciably less readily soluble 
in water than either the mesa-cis- or the racemic acid, and can 
be recrystallised from this solvent. It is, however, advisable to 
use dilute hydrochloric acid for this purpose, when the acid is 
obtained as a crystalline powder which melts at 193°: 

0*1407 gave 0*2468 COg and 0*0521 HgO. C = 47'73; H = 411. 

CgHgO(; requires C = 48*0; H = 4*0 per cent. 

The acid does not react with acetic anhydride at a high tempera¬ 
ture, and does not appear to possess any tendency towards 
anhydride formation. It can, as a matter of fact, be distilled in 
small quantities without undergoing any change. It is insoluble 
in dry ether and in benzene. 

The silver salt is a white, sandy powder: 

0*2489 gave 0*1544 Ag. Ag=62*03. 

CgH^OgAgg requires Ag=:62*2 per cent. 

The acid forms a characteristic calcmm salt similar in appear¬ 
ance to that of the racemic add, but differing from it in being 
predpitated when the solution containing the neutral ammonium 
salt and caldum chloride is bodied, and redissolving when it is 
cooled. 



STABILITY OF ASSOCIATED AMOYOLIO SYSTEMS. PABT I. 615 


Attempts to Can/vert the Three Stereoisomeric Acids into one 
miother^ leading to Fission of the Bing Systems. 

All three acids remain unaltered after prolonged boiling with 
aqueous hydrochloric acid, and can also be recovered unchanged 
after having been heated in a sealed tube, in 20 per cent, aqueous 
solution, for six hours at 200°. When, however, 3 grams of either 
acid are mixed with 30 c.c. of concentrated hydrochloric or hydro- 
bromic acid and the solution is heated in a sealed tube at 220° 
for ten hours, no trace of unchanged acid can be found in the pro¬ 
duct. In its place there is formed an insoluble, crystalline sub¬ 
stance, which, after recrystallisation from ethyl acetate, is obtained 
in glistening needles melting at 186° This compound is without 
doubt the cli-lactonic acid of formula XVII (p. 599), a fact which 
can be shown by direct comparison and also by the following 
analyses: 

Found: 0-47-85; H-4 07. 

CgHgO,; requires C” 48*0; 4*0 per cent. 

Fo\md ; Ag —58*12. 

re<|uires Ag —58*2 ]>er cent. 


Hrom i // /f t ion of f h e Th ree Stereoisom erir A cids. 

The ineso-cis-,1 c/v/, m. p. 154° (formula [Vi], p. 599).—The 
bromination of this iudd proceed.^ very smoothly when 10 grams of 
the acid are treated with G4 grams of phosphorus pentabromide 
and 8’5 grams of bromine, the o|>eration being carried out in the 
usual way at the ordinary temperature, and being finished by 
warming on the water-bath. The product, when poured into well- 
cooled alcohol, yields an oil on dilution with water, which can be 
extracted with ether. The washed and dried extract leaves 
ciB-ethyl hronuycarhethorymethanr-TL^ * yJoy(Aoprop(pne-\ : 2 - 

dicarhoxylate (XXI, p. 601) on evaporating the solvent. The 
bromo-ester distils without decomposition at 207°/12 mm., and is 
a clear, fairly mobile oil: 

0-1813 gave 00930 AgBr. Br-21*83. 

CjiHjpOc.Br requires Br —22 0 per cent. 

The bromo^ter is recovered unchanged even after prolonged 
boiling with pyridine, but when hydrolysed by boiling with on 
alcoholic solution containing one and a-half times the calculated 
quantity of potassium hydroxide, it is hydrolysed to cis-ftrowo- 
^ (^rhoxymethane-lP' ^-i-methylcsydopropame-l : 2'dicarhoxylic acid 
(XXII, p. 601), which can be isolated by evaporating the solution 
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free from alcohol, acidifying, and filtering. This acid crystallises 
from hot water in small needles, which melt at 171°: 

0-2203 gave 0*1473 AgBr. Br=28-45. 

CgHyOgBr requires Br=28*6 per cent. 

The hroma-cmhydro-acid (XXIII, p. 601) is readily obtained 
from the above bromo-acid by boiling it for an hour on the water- 
bath with excess of acetyl chloride, and is left as a crystalline 
residue when the reagent is evaporated. It crystallises from 
benzene in colourless plates, which melt at 139°: 

0-1910 gave 0 1373 AgBr. Br= 30-69. 

CgHgOgBr requires Br=30*7 per cent. 

The anhydro-acdd when boiled with water yields the acid from 
which it was derived. It should be added that in all the three 
compounds described above, the halogen is very strongly combined, 
and is, in fact, almost aromatic in character. For example, the 
usual test by boiling with fuming nitric acid and silver nitrate in 
a test-tube fails to reveal the presence of bromine in them. 

The Racemic Acid, m. p. 165° (formula [c], p. 599).—^This acid 
is brominated in precisely the same way as the mejfo-cw-acid, and 
it gives X-ethyl hromocarhethoxymethane-TV^'^-Z-methylcyAO' 
propane-\'.2-dicarhoxyl<ite (XXIV, p. 602) with equal readiness. 
The ester undergoes partial decomposition on distillation under 
diminished pressure, and it is therefore best to use the crude pro¬ 
duct, which can be sufficiently purified by placing it in an 
exhausted desiccator over potassium hydroxide for some days: 

0-1994 gave 01018 AgBr. Br=21-71. 

Ci 4 Hj 90 gBr requires Br = 22-0 per cent. 

The bromo-ester reacts quickly when it is boiled with three 
times its volume of pyridine for three hours, and the product can 
be isolated by pouring the mixture into excess of dilute hydro¬ 
chloric acid and extracting with ether. The dried ethereal 
extract leaves a solid residue on evaporation, which is the lacioM 
of hydroxycarbethoxymethane-ll^ • ^-^-methylcyciopropan^ -1 - corft- 
ethoxy-2-carhoxylic acid (XXV, p. 602), a.substance which crystal¬ 
lises from benzene in small needles melting at 87°: 

0-1365 gave 0*2832 CO^ and 0-0689 HgO. 0 = 56-69; H = 5-61. 

Ci 2 Hi 40 g requires 0=56 7; H = 6*6 per cent. 

The lactonic ester dissolves in cold aqueous alkalis, and, il a 
sufficient quantity of the reagent is used, it is hydrolysed at the 
boiling point in the course ^ an hour. lliO solution, after being 
freed from alcohol by evaporation, is acidified, when the U$ei<3m of 
hydro^carhoxyrm II* * ^Z-methyhjAopfopmm : 2 dtearl* 
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oxylic acid (XXVI, p. 602) is precdpita-ted. The compound crystal¬ 
lises from benzene in groups of needles and melts at 137®: 

' 0*1420 gave 0*2519 COg and 0*0398 HgO. 0 = 48*38; H = 3*12. 

CgH^Og requires 0 = 48*5; H = 3*0 per cent. 

The silver salt, prepared from a neutral solution of the 
ammonium salt, is evidently that of the tribasic hydroxy-acid: 

0*2417 gave 0*1454 Ag. Ag = 60*15. 

OgHsOyAgg requires Ag = 60*3 per cent. 

The lactonic acid does not separate well either from water or 
from dilute hydrochloric acid. The corresponding hydroxy-acid 
could not be isolated. 

The meso-trans-ilcwf , ra. p. 193® (formula [6], p. 599).—The 
method of bromination is the same as that given in the case of the 
meso-cie-d^Ay and the operation proceeds with the same readiness. 
When, however, the product is poured into alcohol, it will be found 
that the oil which is subsequently precipitated by the addition of 
water is free from bromine. When collected in the usual way and 
fractionated under diminished pressure, it yields ethyl methyl- 
methcme-llV ' ^ * ^-eyeXopropane -1:2:3- triewrhoxylate (XXVII, 
p, 602) as a colourless, fairly mobile oil boiling at 183®/12 mm.: 

0*1501 gave 0*3268 CO^ and 0*0879 HgO. C = 59*37; H = 6*5l. 

CjiHigOg requires C = 59*6; H = 6*4 per cent. 


Methylmethane-JlV • ^ • ^-cycXopropcpne-l : 2 : Z-tricarboxylic A dd. 

(XXVIII, p. 602). 

The hydrolysis of the tribasic ester is effected by boiling it with 
an alcoholic solution containing 1*5 times the theoretical quantity 
of potassium hydroxide for two hours, and is obtained by acidify¬ 
ing the solution after it has been freed from alcohol by evapor¬ 
ation. The acid is purified by recrystallisation from dilute hydro¬ 
chloric acid. It forms small, well-defined prisms, which melt at 
149®: 

0*1702 gave 0*3020 CO^ and 0*0475 H^O. G = 48*40; H = 3*10. 

CgHgOg requires C = 48*5; H = 3*0 per cent. 

The diver salt, prepared from the neutral ammonium salt, is a 
white, micro-crystalline precipitate: 

0*2003 gave 0*1247 Ag. Ag = 62*25. 

CgHgOgAgg requires Ag = 62*4 per cent. 

The acid is freely soluble in warm water, but is insoluble in 
etiwt ot benzene. It is not acted cm by acetic anhydride at a 
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high temperature, aud can be distilled in small quamtities at the 
ordinary pressure without undergoing change. There is, appar¬ 
ently, no tendency whatever for it to pass into an anhydro-acsid. 
It is stable towards bromine, even when heated, and does not 
decolorise alkaline permanganate in the cold, although it is slowly 
attacked by the boiling reagent, and, from the products, methyl- 
succinic acid, melting at 112®, can be isolated (Found: C = 45*28; 
H=:6*18. Cr,Hg 04 requires C=45*4; H = 6*l per cent.). It is not 
affected by prolonged boiling with aqueous acids or alkalis. An 
attempt was made to convert the acid into an isomeride by heat¬ 
ing it in a sealed tube with concentrated hydrochloric acid for ten 
hours at 220®, and under these conditions it is converted into 
another substance, which separates in a crystalline condition when 
the contents of the tube are cooled. This compound is not, how¬ 
ever, a stereoisomeride, but is the trirlactom of a-hydroxy-fifi-di- 
hydroxydimtthyl'pro'poAietricarhoxylic add (XXX, p. 602), which 
can be recrystallised from a large quantity of benzene and obtained 
in ill-defined crystals melting at 206®: 

0 1667 gave 0*2957 CO 2 and 0 0467 H.O. C-48*39; H = 311. 
requires C = 48*5; H = 3*0 per cent. 

The %dver salt, prepared from the neutral ammonium salt, is a 
white, amorphous precipitate, and is evidently the salt of the 
trihydroxy-tribasic acid: 

0*2179 gave 0*1230 Ag. Ag~ 56*44. 

CgHgOgAgg requires Ag”56"5 per cent. 

The lactone is soluble in warm water, but does not crystallise 
well on cooling, although the separation is facilitated by the addi¬ 
tion of an equal volume of concentrated hydrochloric acid to the 
concentrated aqueous solution. It is probable that solution in 
water converts some of the lactone into the hydroxy-acid, although 
all attempts to prepare this acid were unsuccessful. 


(2) The Trihrmiination of fifi-Dimethylpropanetricarboxylic Acid. 

The method is the same as that described in the case of di- 
bromination, only 120 grams of bromine are used in place of 
80 grams. The final atom of bromine is absorbed with consider¬ 
able difficulty, and it is advantageous, after adding sufficient 
bromine to form the dibromo-compound, to add the remaining 
molecule at once, and to leave the mixture at 60® for twenty-four 
hours before final completion on the water-bath. Care must, of 
course, be taken to exclude moisture throughout this operation by 
the provision of a calcium chloride tube at the end of the oon- 
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denser. It will be found, moreover, that the rate of absorption 
is increased if a trace of iodine is added. 

The product is then poured into well-cooled alcohol, and the oil 
precipitated by water in the usual manner, the ethereal extract 
being washed with water and then with sodium carbonate solution. 
The residue left after the evaporation of the dried ethereal solu¬ 
tion contains too little bromine (Found: Br = 36-31. Ci 4 H 2 iOcBr 3 
requires Br = 45-7 per cent.), and it is, therefore, in all probability 
mixed with either the di- or the tri-lactone. That this is actually 
the case can be sliown by mixing the oil with an equal volume of 
benzene, when a crystalline solid slowly separates. The filtrate 
deposits more of this solid on keeping, and this, after collection, 
leaves a filtrate which, when freed from the solvent, consists of 
ethyl a-hromo-fifi-dihroinodimethyliyropanetricarho.ryhife (XX TX, 
j). 602) in an approximately pure condition : 

0*2101 gave 0 2190 AgBr. Br-44-36. 

Cj 4 HoiO^-Br 3 requires Br—45 7 per cent. 

Unfortunately, the bromo-ester cannot be distilled without 
undergoing decomposition, and the above product is the purest 
form of the compound we were able to prepare. 

The solid material obtained in the above purification yields a 
small quantity of the tri-lactone, melting at 206^^, when repeatedly 
recrystallised from benzene, but it also contained other compounds, 
which we were not able to isolate in a pure condition. 

Avtioih of ]*yridwf, AVhen the tribromo-ester is boiled with 
three times its volume of pyridine and the product is poured into 
dilute hydrochloric acid, a crystalline substance slowly separates, 
which is shown to be the tridactone of a-hjfdrojry-^^ihydr&oeydi- 
methylpropanetricarhojrylir acid (XXX, p. 602), melting at 206^, 
by direct comparison and by the following analysis: 

Found: C-48-31; H = 306. 

CgHgOg requires 0 — 48*5 ; 11 = 3*0 per cent. 

Action of Concentrated Aqueom rotaasium Hydroxide, —The 
o|>eration is the same as that described in the case of the dibromo- 
ester (p. 610). The product, when acidified, yields a crystalline 
precipitate, from which, by repeated recrystallisation from dilute 
hydrochloric acid, a small quantity of methylmethanc-Tn} = 2: s. 
oy<Aoproi}afie>A \2:Zdricarhoxylic <7^7 (XXVIII, p. 602), melting 
at 149® can be isolated (Found: 0 = 48*38; H = 312. CgH^Oc 
requires C = 48*5; H = 3*0 per cent.), the yield being only 12 per 
cent, of that thecnretically possible. The remainder of the pro¬ 
duct of this reaction is undoubtedly the tri-lactone (XXX, p. 602), 
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as this Subsifcanoe cjan b© isolated in oonsidetabl© (^[liantities from 
the acid motber liquors. 

Many of the experiments described in this paper were carried 
out at the XJniversitjT^ of Sheffield by Mr. A. S. Wood, to whom our 
thanks are due. 

Thb Sobby Reseaboh Labobatobt, 

The Univebsity, 
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and 

The Impbbial College of^Scibncje and Technology, 

South Kensington. [ Received , October let, 1910.3 


LXV .—Colouring Matters of Red and Blue Fluorite. 

By Cecil Stevenson Garnett. 

In a recent paper, Blount and Sequeira (T., 1919, 116, 706) showed 
that a minute amount of organic matter could be extracted from 
Blue John ** by means of various solvents, and draw the con¬ 
clusion that the colour of the mineral is of organic origin 

The experiments now to be described appear to confirm the 
above conclusion, but also carry the investigation somewhat further. 

A quantity of extremely deep blue fluorite was discovered by 
the author near the famous '"Blue John Mine'' some years ago; 
the colour was uniform, and so deep that at a short distance a 
small lump appeared almost as black as coal. On very thin slices 
being cut from this material, however, it was seen to be of a 
beautiful deep blue, its apparent blackness being due to extreme 
depth of colour. Spar of this character is not sent from the mine 
from which the previous authors obtained their specimens. 

A sample was finely powdered and extracted successively with 
chloroform, benzene, and ether, and although there was no apparent 
diminution in colour, it would be difficult to say that this was not 
the case, as in fine powder even so dark a specimen had such a 
pale blue colour that a slight further diminution in tint would 
scarcely be perceptible. The carbon content determined by com¬ 
bustion was 0*27 per cent, before, and 0 207 per cent, after, 
extraction. Similar determinations on other samples showed a 
decrease in carbon content with a decrease in colour. The apiowt 
of carban found in the very dark specimen is nearly five 
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amount oontained in the specimen quoted by Blount and Sequoira 
(0*046 per oent.). 

The powdered mineral, when heated with concentrated sulphuric 
add, yielded a black, carbonaceous residue, but when heated with 
a mixture of sulphuric and nitric acids, the blue compound was 
readily oxidised, leaving a colourless residue of fluorite (and, of 
course, caldum sulphate). When heated alone, a very pronounced 
bituminous odour was observed, and a residue of clear, colourless 
fluorite remained; the odour was quite different from the resinous 
one produced by heating spedmens of '' Blue John which have 
been polished and made into fancy goods. 

Distillation of '' Blue John'* 

The actual separation of bituminous matter was next attempted. 
A hard'glass tube was almost filled with the powdered, extracted 
fluorite, and a small U-tube (merely air-cooled) attached. On 
heating, a yellowish-brown oil collected in the cool parts of the 
apparatus, and an inflammable gas issued from the jet. The gas 
burned steadily and freely until the distillation had proceeded to 
completion, when a residue of colourless fluorite remained. The 
inside of the glass tube had, however, gained a mirror-like coating 
of carbon, evidently resulting from the decomposition of the vapour 
after being driven from the fluorite and on coming in contact with 
the red-hot walls of the tube. 

The removal of the colouring matter without the deposition of 
carbon within the tube was now attempted, and was easily accom¬ 
plished by immersing the tube containing the powdered fluorite in 
a bath of molten tin. Oil again collected, but much less in¬ 
flammable gas was obtained, and no deposition of carbon occurred 
on the walls of the tube. The removal of the colouring matter 
was, in these experiments, evidently accomplished only by its 
destructive distillation. 

In order to ascertain the distribution of the colouring matter 
within the fluorite, thin sections were examined microecopioally. 
It was observed that the colouring matter is not homogeneously 
distributed in a fine state of division within the fluorite crystals, 
but that it occurs as films therein. The depth of colour depends 
on the abundance and thickness of the films existing in the fluorite, 
which is itself clear and colourless. They occur parallel to and in 
the plane of the faces of the (nystal (cube), and also at the crystal¬ 
line junctions, in such a manner as to point to the conclusion that 
the colouring xnatter was deposited as films on the surfaces of the 
ofystals at intervals diiring their growth. The banded coloration 
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of “ Blue John” is explained by this supposition. The blue colour 
imparted by the bituminous matter is probably due to the chemical 
combination in which the latter exists. 


Red Fluorite, 

Mawe Mineralogy of Derbyshire,” 1802) states that ruby- 
coloured fluorite in perfect cub^ is said to have been found in 
Derbyshire. No other occurrence of this rare variety of fluorite 
in Derbyshire appears to have been observed until the present 
author recorded having found a quantity of it near Ashover. The 
colour of this specimen is not pink, as are the specimens usually 
seen in museums, but definitely red. 

The colour of this variety is not due to organic matter, and the 
appearance is scarcely altered by prolonged exposure to a bright 
r^ heat. The colouring matter is readily and completely extracted 
from the roughly crushed fluorite by boiling hydrochloric or nitric 
acids, leaving a residue of clear, colourless fluorite. The solution 
was found to contain rare earths and nothing but insignificant 
traces of any other element. The oxalates and sulphates were 
obtained as usual, and an attempt was made to separate and 
identify the rare earth elements present, but was not continued, on 
account of the well-known difficulties which such a task presents. 

Microscopical examination of thin sections showed that the 
colouring matter is distributed as films in colourless fluorite. 
Instead, however, of the films occurring chiefly within the crystal 
(as in the case of “ Blue John ”), they appear to exist chi^y (at 
least) at the crystalline junctions witlun the mass (as in the case 
of fluorite coloured brown by limonite). The redness of the colour 
is due to the thinness of the films, as the mineral of which they 
consist may be occasionally found in tiny cavities in the fluorite; 
it is massive, black, opaque, and pitch-like in appearance. Micro¬ 
scopical examination of films of varying thickness (as they occur) 
confirms the chemical evidence as to the identity of the black, rare 
earth ” mineral and the films. 


The University, 
Sheffield* 


[E^ceivedi April 1th, 1920.] 
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LXVI .—Sttidies in Catalysis. Part XIII. Contact 
Potentials and Dielectric Capacities of Metals, in 
Relation to the Occlusion of Hydrogen, and Hydro¬ 
genation. 

By William Cudmore McCullagh Lewis. 

In two earlier papers in this series (T., 1919, 116, 182, 1360), 
heterogeneous catalysis was considered from the point of view of 
the critical increment and the radiation hypothesis of chemical 
reactivity. It was pointed out that the essential function of such 
a catalyst was to reduce greatly the critical increment of activa¬ 
tion of one or more of the reactants, thereby increasing the rate 
of the reaction. The effect was considered as induced at the 
surface of the catalyst on which at least one of the reactants was 
adsorbed. The same idea is obviously applicable to any case in 
which one or more of the reactants is capable of being actually 
dissolved by the catalyst and emitted from its surface in the 
activated form. Such a case is encountered in the activation of 
hydrogen as a result of occlusion by certain metals. 


The Critical Increment, of DiesociaticHh of Hydrogen into 
Atorrnt vdieii du^olved in a Metal, 

In an extended series of papers, Sieverts has measured the solu¬ 
bility of hydrogen in various metals over a wide range of tempera¬ 
ture. He has found that, in general, the concsentration of the 
dissolved gas varies as the square root of the pressure of hydrogen 
in the gas phase, indicating that the hydrogen is dissociated into 
atoms or ions. The most trustworthy results are those obtained 
with nickel, iron, and copper (Zeitsch. physikaJ. Chem., 1911, 77, 
591), in which it was found that the solubifity of hydrogen is higher 
in nickel than in iron, and greater in iron than in copper. Sieverts 
has shown that the process is one of true solubility, and not simply 
surface adsorption, although the latter is necessarily present as 
well. 

The solubility of hydrogen in these and in other metals increases 
markedly as the temperature rises. Applying the well-known 
thennodynamio relation to the variation of the solubility, S, with 
the temperatures we have 

dlogSiar^^QIBl^, 



634 


LBWIS: STODIBS IN OATAl^YSIB. pABT XJfpL. 


where Q stands for the heat absorbed in the process at constant 
volume. Postulating that the process is 

Hj, 2H, 

and assuming, as has been done in another connexion, that the 
critical increment of union of the free atoms is zero, it follows that 
Q is identical with the critical increment of dissociation per 
gram-molecule of hydrogen in the dissolved state. From Sieverts’ 
values of the solubility of hydrogen, it is thus possible to calculate 
various temperatures. The following results have thus 
been obtained. The solubility, Sy is expressed in milligrams of gas 


per 100 grams of metal. 





Nickel, 


t. 

8, 

d log 8ldT, 


316® 

0*22 

3-06 X 10 -» 

2099 

822 

0-72 

1-66 X 10“» 

3984 

1225 

1-333 

1-30 X 10-» 

5824 

In the neighbourhood of 150°, is calculated to be approxim- 

ately 1700 cals. 

It will be observed that as 

the temperature rises 


the value of also increases. This is discussed later. 


Iron, 

t. S, d log SjdT, Bbz . 

614® 0 076 6-3 X 10“» 6500 

776 0*201 3 0 X 10~» . 6690 


In the neighbourhood of 160^, estimated to be 6600 cals. 


Copper, 


t. 

8, 

diog SIdT. 

Euy* 

620® 

0-030 

6-0 X 10-» 

7975 

827 

0-072 

4-2 X 10~» 

9080 

904 

0-102 

4-0 X 10~3 

11080 

981 

0-132 

3-8 X 10~» 

11930 


In the neighbourhood of 160°, is of the order of 6000 cals. 
It is impossible to extrapolate with accuracy, as the experimental 
results at the lowest temperatures are evidently somewhat 
discordant. 


Platmum (Sieverts, jSen, 1912, 46 , 221). 

t* 8, dlo^SIdT. 

1186® 0 036 4*4 X 10^» 17480 

1289 0*066 4*2 x lO"** 19200 
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Actual extrapolation to low temperaturee is impossible in this 
case. It is evident, however, that in the neighbourhood of 
150® lies between 10,000 and 15,000 cals. 

In general, the lower the solubility the greater is the critical 
increment. A large critical increment means that the metal in 
question has a relatively small dissociating power. 

It must be emphasised that the values in the last t^ble refer to 
abscjrption by metallic platinum. If hydrogenation is due to 
atomic hydrogen which has been brought into existence by the act 
of dissolving, it follows that metallic platinum is a less efficient 
catalyst than copper. In Jbhe case of platinum-black, however, 
Mond, Ramsay, and Shields (PhU. Tra/nf^,^ 1S96, [A], 186 , 657) 
have shown that the quantity of hy^drogen absorbed is very much 
greater than it is in massive platinum, and, further, that the 
quantity absorbed diminishes as the temperature rises. In the 
case of platinum-black, we are probably dealing‘with adsorption 
alone. 

Sieverts has shown that hydrogen is soluble in cobalt, the solu¬ 
bility becoming measurable above 700®. The same author has also 
found that hydrogen is insoluble in pure silver. Similarly, in the 
case of gold, the solubility is too low to be measured. Hydrogen 
is likewise insoluble in cadmium, thallium, zinc, lead, bismuth, tin, 
antimony, and aluminium (compare Zeitach. Elekfrochem., 1910, 
16 , 708). Aluminium, however, forms a hydride alx>ve 800®. 
One would expect those metals in which hydrogen is insoluble to 
be negative catalysts for hydrogenation if they partly or wholly 
cover the surface of the catalytically active metal. 

On the view advanced in the present paper, the conclusion is 
that the insolubility of hydrogen in the metals mentioned is due 
to the inability of these metals to dissociate the gas. 

The solubility of hydrogen in tungsten is extremely low (Sieverts, 
Ber.^ 1911, 44 , 2394). On the other hand, the solubility of 
hydrogen in tantalum is very high, and diminishes as the tempera¬ 
ture rises, although proportional to the square root of the hydrogen 
pressure. The case is analogous to that exhibited by palladium 
over a certain temperature range, a compound being formed which 
dissociates with absorption of heat. 


The Variation of Temperature^ and the Dielectric 

Capacity of the Meted. 

As the foregoing calculations show, the apparent critical incre- 
nient of dissociation of molecular hydrogen rises steadily as the 
temperature increases. The simplest explanation of this is to 
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aagume that the dissociating power of the metal diminishea as the 
temperature rises^ this being the usual effect of temperature on 
this property. From the point of view of electrostatic attraotionB 
between the constituent parts of a dissolved molecule, we should 
expect, in accordance with the Thomson-Nernst rule, that the 
value of would vary inversely as the dielectric capacity of 
the metal or inversely as the square of the refractive index of 
the wave-length corresponding with the value of E. To dissociate 
molecular hydrogen in the gaseous state into atoms requires an 
absorption of 85,000 cals, per gram-molecule. If atomic hydrogen 
is formed in metals, it would follow ^at the dielectric capacity, 
/?(), of nickel, for example, in the region of 150° is given by the 
relation 

1700 = smo/D^ 

whence « 50. 

Similarly, « 13, - 17, 

and Dp^ « 6 to 8. 

On the classical electromagnetic theory, the dielectric capacities 
of metals were regarded as infinite. This conclusion has been 
shown not to be necessary by Sanford {Phynicail Rev., 1918, [ii], 
12, 130), who concludes from experiments on contact electrifi¬ 
cation that metals possees dielectric capacities of the same order 
of magnitude as those of non-metals. In Sanfordexperiments, 
no precautions appear to have been taken to remove surface films 
(adsorbed moisture and gases), so that the estimated magnitude 
of /> is probably incorrect. 

If it could be shown that a true Volta potential difference existi 
between two pure metals in contact, this would point to the reality 
of finite dielectric capacities. The problem of the existeUce of 
such potential differences has been under discussion since the time 
Volta himself. Within recent years, however, the evidence 
obtained from the study of thermionic currents and photo-electric 
eff^ has lent very strong support to the original view of Volta, 
This evidence is discussed in detail by Langmuir (Tmns. Amer. 
Electrochem* Soc,, 1916, 29 , 129), who has shown that sev^^d 
independent methods lead to substantially the same values for the 
contact potential. Langmuir's condusions r^arding the rMl 
existence of such potential differences appears to be incontro¬ 
vertible. 

Cdieuic^iofi of the ContOfCt Potentiai Diffetotice oti the JBchiM of & 
Fmite Dielectric Qwpam attribiUed to a Metal. 

As shown fay Langmuir, the contact potential difference wW# 
comes into existence when two mdals ere brought intto ini)4wp^ 
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contact can be regarded as the difference of two imaginary 
potential diderences, each of which is characteristic of a given 
metal. This potential difference, which may be called conveniently 
the characteristic potential of a metal, and is denoted by the 
symbol O is a measure of the forces which hold an electron in 
the metal and prevent its escape. It is imaginary '' in the sense 
that it does not come into existence until the electron is in the act 
of leaving the surface. The values of ^ for a number of metals 
have been obtained from observations on thermionics, the 
threshold frequency of the normal photo-electric effect, and line- 
spectra resonance measurements, the results being concordant. 

If we assume the existence of a finite dielectric capacity as 
characterising a metal, it should be possible to calculate the work 
done in removing an electron from the metal to free space, thereby 
obtaining a value of ^ which may be compared with the mean 
value given by Langmuir. Let us denote by W the work required 
to extract an electron and bring it into free space, theoretically at 
infinite distance from the metal surface. Employing the inverse 
square law, which is known to hold down to distances of the order 
of atomic dimensions, although not down to nuclear and electronic 
dimensions, we obtain 




iX> 

dr 


where D is the dielectric capacity at any position r. The dielectric 
capacity alters continuously as we pass from the metal to free 
space, its value being in the metal and unity in free space. 
The simplest mode of allowing for this variation is to write 

D = Do"-* '• 

where Tq is the average distance apart of an electron and a metallic 
ion in the metal. Lindemann (Phil, Mag., 1915, [vi], 29 , 127) 
has put forward a number of considerations for regarding the 
metallic state as being composed of two interwoven space lattices, 
one an electron lattice, the other an ionic one. On the average, 
an electron will be separated from an ion by a distance Tq, which 
is one half the distance between two contiguous ions. Langmuir 
(loc. cit,) has pointed out that in the case of the simple face- 
oentred cubic lattice, which is characteristic of copper and silver, 
the shorteet distance, a, between two adjacent atoms is given by 
cr « 1*33 X 

where V is the atomic volume. From the valuer of a thus calcu¬ 
lated by liangmuir, we can obtain the value of 
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On integrating the expression for W, we obtain 

W= -T^n(l-A)- 
rologaPoV Df,/ 

This must be equivalent to ^e, whence 

^ . 

We have now to evaluate this expression for certain metals, using 
the approximate values of D^^ which we have obtained for the 
temperature 150®. 

Copper. —7)(, = 17. cr =2*56x10“® cm. Hence r(, = l‘28 x lO”*®. 
1 E.S.U. = 3 X 102 volts. Hence 4> =3*8 volts. 

The weighted mean value obtained by Langmuir from the results 
of various observers is 0=4*0 volts. 

Iron. —Zloj=13. =2*56x10“® cm. Hence r()=l*28 x 10“®. 

Hence O =3*5 volte. 

Langmuir’s value is 3*7 volts. 

Platmum. —Z>(,=:7 approximately, whence O =4*97 volte. Lang¬ 
muir gives the value 4*4 volts with a query. Values greater than 
5 volts have been obtained by various observers. 

In general, the agreement between the accepted value of O and 
that calculated by means of equation (1) is satisfactory. To this 
extent we are justified, therefore, in attributing a finite dielectric 
capacity to a metal. 

Nickel. —^D(, = 50. Taking r^ to be the same as that for copper, 
we find thatO =2*8 volts. The characteristic potential for nickel 
has not as yet been determined by any direct method. It follows 
from the above value that if copper and nickel are brought into 
contact, the nickel should be positive with respect to the copper, 
the contact potential difference being 3’8' —2’8 = 1 volt. 

From the observed values of ^ quoted by Langmuir, we can 
calculate the dielectric capacity of the corresponding metal by 
means of equation (1). We thus find the following values in a 
few typical cases: 


Metal. ♦ in voltou r® X 10*. Do* 

Silver . 4-1, L45 8 

Zinc . 3*4 1*40 18 

Aluminium . 3*0 1‘45 30 

lithium . 2*35 1‘57 40 

Sodium . 1*82 1*91 60 


It is evident from the above values that the dielectric capacity 
does not completely determine the solubility of hydrogen in a 
metal. Thus, metals such as zinc, bismuth, and tin possess higher 
dielectric capacities than platinum, yet hydrogen is soluble 
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platdnimi and insoluble in these metals. It is noteworthy that the 
alkali metals, which apparently possess very high dielectric capaci¬ 
ties, are capable of forming hydrides. Aluminium, which also has 
a fairly high capacity, forms a hydride at higher temperatures. 
This cannot be a general rule, however, for nickel does not appar¬ 
ently form a hydride. We must seek, therefore, some other factor 
as an equally significant quantity. 

The capability of a metal of dissolving hydrogen, and, in the 
limit of forming a hydride, depends, not only on the dielectric 
capacity, but also on the type of radiant energy which the metal 
is able to supply to disso<;iate the gas when the latter has entered 
the surface. In virtue of the temperature of the metal, all types 
(frequencies) of radiation are present, although to very different 
extents. The metal is capable of enhancing the density of certain 
types, thereby increasing the dissociating effect provided the 
frequencies are sufficiently high. 


Stmree of the Enenj}^ irhieh I)if<soeiatcs Ihjdroijen In a Metal. 

The atoms of a metal possess energy in respect of vibration and 
also in respect of rotation (Honda, Sci. Ecjk Tohoku Imp. Univ., 
1918, 7, No. 2), the latter being a negligible quantity so far as 
specific heats are concerned, until high temperatures are reached. 
Honda considers that the act of fusion, and the latent heat oon- 
iiected therewith, depend on this energy of rotation. If an atom 
I)ossessiiig the amount of energy corresponding with its latent heat 
of fusion is brought to rest, this energy will be emitted. The 
author suggests that this is the source of the energy which brings 
about dissociation of the hydrogen in the metal. In this con¬ 
nexion, it is noteworthy that the metals which are capable of 
dissociating hydrogen are those with the highest values for the 
latent heat of fusion. The following table contains some of the 
values quoted by Honda: 


Metal. 

Latent heat of 
fusion per 
gram-atom L. 

Do- 

Do X L 

Pt. 

6360 

Ca 7 

37,620 

Pd . 

3860 

— 

— 

Fe . 

3348 

13 

43,524 

Ni . 

2710 

60 

136,500 

Cu . 

2650 

17 

46,050 

Ag . 

2270 

8 

18,160 

AF.. 

2160 

30 

64,800 

Zn . 

1840 

18 

33,120 

Cd . 

1540 

— 

— 

Pb . 

1118 

— 

— 

Na . 

730 

60 

43,800 

%. 

662 

— 

— 















630 


lewis: studies in catalysis, part xra. 


If all metals possessed the same dielectric capacity, the value of 
the latent heat of fusion should distinguish those metals which 
dissolve hydrogen from those which do not. The dielectric capacity 
varies, however, from metal to metal, with the restdt that even 
sodium is capable of forming a hydride, and therefore of dis¬ 
solving or dissociating the gas. The dissociating power depends 
simultaneously on the dielectric capacity and the density of the 
suitable energy. If the dielectric capacity is small, the energy 
required is correspondingly great, and the available energy of the 
type considered may be insufficient, especially as the higher the 
latent heat of fusion the fewer are the number of atoms at a given 
temperature which possess the corresponding energy. Thus, 
tungsten appears to have the highest characteristic potential of 
any element so far investigated. This means that tungsten has a 
very low dielectric capacity, and, consequently, the energy required 
to dissociate and dissolve the hydrogen is high. Although the 
latent heat of fusion of tungsten is greater than that of platinum 
(as inferred from the value of of the Debye equation), it is 

evidently incapable of dissociating the hydrogen to any measurable 
extent, for Sieverts has found the solubility of the gas to be 
exceedingly low. The determining factor in regard to the 
behaviour of the metal towards hydrogen would seem to be given 
by the product of the dielectric capacity and the latent heat. In 
respect of this product, the metals arrange themselves in the 
following order, commencing with the highest value of the product: 

Ni, Al, Cu, Na, Fe, Pt, Zn, Ag. 

It is evident that those metals which can dissociate or react with 
hydrogen possess the higher values for the product. In the case 
of nickel, we have no independent value of 4>, and therefore no 
value of independent of the solubility method made use of to 
calculate D. Its position in the series is therefore not significant. 

When we compare the energy, represented by L, with the value 
of we see that, especially at higher temperatures, more than 
one atom of the metal, in general two atoms, are required to con¬ 
tribute the energy necessary for dissociation of hydrogen. In the 
case of sodium at low temperatures, if we take the value for 
namely, 60, which is obtained from the resonance potential, we 
conclude that the energy required to dissociate one gram-molecule 
of hydrogen in sodium is 85,000/60 = 1420 cals. Calculated for 
one gram-atom of hydrogen, the energy required is 710 cals., which 
is just capable of being furnished by the L term of sodium. 

On the basis of the suggestion that the energy represented by 
the latent heat of fusion is the origin of the dissociation of 
hydrogen in metals, it would follow that the solubility of thi^ 
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in the molten metal should be considerably greater than in the 
solid. This is in agreement with the experimental results of 
Sieverts (Zeitsch, physikal, Chem., 1911, 77, 591), who has found 
that at the melting point of the metal, the solubility of hydrogen 
in molten copper is three times as great as it is in the solid, and 
twice as great in molten nickel and iron as it is in the solid. 
Further, the increase of solubility with temperature is greater for 
the molten than for the solid metal. 


Valuation of the Characteristic Foicniial of Metals with 
Temperature, 

On the basis of the formula deduced for (equation [Ij), it 
may be concluded that, in general, the greater the value of the 
dielectric capacity, the smaller the value of the characteristic 
}>otential. Since the dielectric capacity diminishes as the tempera¬ 
ture rises, the value of 4> should increase slowly as the temperature 
rises. The effect of the variation of is, however, partly com¬ 
pensated by the change in Owing to the temperature- 
coeffident, it is not strictly correct to compare the calculated values 
of with those obtained from the photo-electric effect at the 
ordinary temperature. The possible error in Dq (which is obtained 
from the solubility of hydrogen in the metal) is such, however, 
as to render this objection less cogent. The temperature-coefficient 
of the dielectric capacity of metals is distinctly less than that for 
non-metals. 


Hydrogenation . 

• 

It is evident that the property possessed by certain metals of 
dissolving hydrogen in the atomic form is dosely related to the 
known catalytic power of the same metals for the hydrogenation of 
unsaturated compounds. This view, which is no longer novel, was 
definitely stated by Sieverts in 1910 as a result of his series of 
researches, some of which have been considered in the preceding 
part of this paper. Although stress is thus laid on the fact of 

solubility of hydrogen in certain metals, it is not intended to 

identify solubility itself with catalytic efficiency. The latter must 
depend ultimately on obtaining hydrogen or other gases in the 

active state, preferably the atomic state, at the surface of the 

metal. It is evident, however, that the property which enables 
a metal to dissolve and to dissociate hydrogen will likewise cause 
a similar activation of the gas at the surface, so that although 
large adsorbing surface is the necessary condition for the catalytic 
effect, the well-known speoifio influence of the metallic catalyst is 
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to be inferred from its capacity of dissolving and dissociating the 
gas. Nickel and cobalt, for example, in the finely divided form 
are known to occlude very much larger quantities of hydrogen than 
the same mass of metal in compact form (compare Sieverts, 
Zeitsch, physihal. Chem,, 1907, 60 , 178), the effect being obviously 
an adsorption, the extent of which is dependent in turn on the 
specifio nature of the metal, as indicated by its solvent power. 

Among the numerous investigations of the mechanism of hydro¬ 
genation of unsaturated fats and oils, mention may be made of 
those recently carried out by Thomas {J. Soc, Chem. Ind,, 1920, 
39 , IOt) and by Armstrong and Hilditch {Proc, Hoy, Soc., 1919, 
[.4], 96 , 137, 322). 

In connexion with the function of the catalyst (nickel), Thomas 
has applied the author’s radiation hypothesis of chemical reactivity. 
The reaction is found to be unimolecular with respect to olein, 
and from the temperature-coefficient of the velocity-constant, 
corrected for the increase in solubility of the hydrogen in the 
metal with rise in temperature, Thomas has calculated that the 
critical increment amounts to 3820 cals, per gram-molecule of olein 
converted. This quantity is ascribed by Thomas entirely to the 
activation of the olein molecule. In view, however, of the 
numerical data obtained for the activation of hydrogen in nickel, 
it would appear necessary to deduct the energy required for the 
hydrogen. Thomas has found experimentally that the rate of the 
reaction varies as the 1*5 power of the hydrogen pressure in the 
apparatus, that is, three hydrogen atoms are required for one 
molecule of olein. The amount of energy required to dissociate 
one gram-molecule of hydrogen in nickel at 150° has been estimated 
in the present paper to be approximately 1700 cals. Consequently, 
to produce three gram-atoms, 2500 cals, are required. On sub¬ 
tracting this from the total critical increment obtained by Thomas, 
namely, 3820 cals., we obtain 1300 cals, as the critical increment 
of the olein. This quantity, expressed in terms of wave-lengths of 
radiation, corresponds with 21 / 4 . Since the maximum of the 
temperature radiational energy at 160° occurs at about 7 / 4 , it is 
evident that a considerable number of the olein molecules are 
activated to the required stage by the temperature of the system 
itself. That is, a catalyst is unnecessary for the activation of the 
olein. 

In thus ascribing the energy term, 1300 cals., to the activation 
of the olein molecules, it is implied that diffusion has not to be 
taken into account. This is in agreement with the view put for¬ 
ward by Thomas, who remarks that the vigorous shaking to which 
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the olein-nickel mixture was subjected in his experiments excludes 
diffusion as a significant factor. 

Thomas has made the remarkable discovery, already mentioned, 
that the rate of hydrogenation of olein is proportional to the 
pressure of the molecular hydrogen in the apparatus raised to the 
1*5 power. It follows, as Thomas points out, that three atoms of 
hydrogen take part in the hydrogenation of one molecule of olein. 
The fact that this is an odd number is significant, as it involves 
the primary formation of a molecule midway in composition 
between olein and stearin. This half-saturated molecule possesses, 
necessarily, either one or three free valencies, which will cause the 
spontaneous formation of an apparently saturated bimolecular 
form having the composition [C 3 H 5 (CigH 3402 ) 3 ] 2 - The author is 
unaware whether any such intermediate stage has been observed. 
This bimolecular compound could, of course, decompose into a 
molecule of stearin and a molecule of olein. 

Returning to the question of the temperature-coefficient, it may 
be pointed out that, on the above view, its numerical value should 
be considerably greater if copper were used as a catalyst in place 
of nickel. Thus, on the basis of the earlier considerations in this 
paper, we conclude that the amount of energy required to dis¬ 
sociate one gram-molecule of hydrogen in copper is of the order 
of 5000 cals. To produce three gram-atoms of hydrogen would 
require, therefore, 7500 cals. To this has to be added the energy 
of activation of olein, namely, 1300 cals., making in all a critical 
increment of 8800 cals. In the neighbourhood of 200^, it follows 
that the temperature-coefficient for an interval of 10^ would be 
1*21 (when corrected for the variation of the solubility of hydrogen 
in copper), whilst its value in the case of nickel is less than 1*13. 
At the same time, the velocity-constant with copper as catalyst 
would only be of the order 5 x 10”^ of the velocity with nickel. 

It may be pointed out that the efficiency of nickel in respect of 
dissolving and dissociating hydrogen has been related to its 
dielectric capacity and the latent heat of fusion. This affords a 
certain amount of guidance in a search for a possibly more effective 
catalyst, which would probably be an alloy. 

As regards the mechanism of hydrogenation, the first and 
essential stage would appear to be the formation of atomic 
hydrogen, this being accomplished by actual solution in, or by 
adsorption of, the gas on the surface of the metal. The second 
stage is to bring the olein molecule to the surface of the metal at 
which active hydrogen already exists. That is, collision of the 
olein (already activated in virtue of its temperature) with the 
VOL. oxvn. A A 
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metal particle must take place. The final stage is the addition 
of atomic hydrogen at the moment of collision. These stages may 
be represented thus : 

Hydrogen + nickel —> atomic hydrogen available at the surface. 
Olein molecule + nickel charged with hydrogen —> 

collision —> hydrogenation. 

The fact that hydrogenation commences without a period of 
delay in such cases as olein indicates that the first stage, namely, 
production of atomic hydrogen, occurs rapidly. If the metal were 
completely covered by or united with the unsaturated compound 
before hydrogen was ^ admitted, it would be impossible for 
hydrogenation to occur. This effect, “negative auto-catalysis/' 
which is theoretically possible, evidently does not occur with olein 
and similar substances. In these circumstances, the measurable 
reaction which defines the rate of hydrogenation appears to be the 
second, namely, the rate of collision of the unsaturated compound 
with the catalyst. The collision frequency per o.o. per second of 
these two substances is given on the kinetic theory of gases by 

TTO-iCr, + 

where and cr^ are the radii of the olein molecule alid of the 
nickel particle, and the root-mean-square velocity of the 
olein molecule and the nickel particle, the number of nickel 
particles per o.c., and the number of molecules of olein 

per o.c. Since the concentration of nickel is kept constant 
throughout any reaction, the above expression leads to a unimole- 
oular velocity-constant. 

The above expression, which gives the total number of collisions 
between nickel particles and olein molecules, does not allow for the 
fact that th% resulting chemical change likewise depends on the 
critical increment term which defines the number of “favourable"' 
collisions. The actual rate of the chemical process on the above 
basis would be given by 

WOTjO'g'v/tti + oieiii ^ 

where obtained from Thomas's measurements, is 5676 cals, at 
135® and 5228 cals, at 165®. These numbers are the fictitious 
values of Ey which are obtained when no allowance is made for 
the change of the solubility of hydrogen in nickel with tempera¬ 
ture. It is necessary to employ these values, and not the corrected 
value 38'20 cals., when direct comparison with experimental 
vdocaty-oonstants is desired. 

The number of favourable colliwons, that is, the numbeir of 



LEWIS: 8TTTBIBS IlSf CATALYSIS. PART XIH. 636 

molecules of olein hydrogenated when expressed aa a fraction of 
the total number of olein molecules present, is given by 

7r(ritr2\/w‘f + ui . 

which should be identical with the observed unimolecular velocity- 
constant. 

An attempt will now be made to apply this equation to the 
hydrogenation of olein by finely divided nickel at 180®. At this 
temperature the value of E is 5000 cals, in roufd numbers. The 
quantity with which the largest error is likely to be associated is 
that represented by o-j, the average radius of the nickel particles. 
A quantity of finely divided nickel was examined under the micro- 
scope by Mr. L. E. Campbell in this laboratory. The sizes of the 
different individuals varied greatly. On preparing a suspension 
of the same sample of nickel in glycerol, the coarsest particles fall 
to the bottom, and, on withdrawing small quantities of the liquid 
at various levels and examining them, a more uniform appearance 
was obtained. It was found that the particles consisted in the 
main of individual units having a diameter of approximately 
2 X 10'^ cm., together with a smaller number of larger aggregates 
of approximately ten times this size, each aggregate having a 
porous structure, being apparently built up of the smaller units. 
We are probably justified, therefore, in employing the value 
5 X 10“^ as indicating the order of magnitude of (To; it is impossible 
to make a more exact estimate at the present time. Taking the 
density of nickel as 8‘8, the mass of a single average nickel particle 
is 4*4x10'® gram. Hence, in the case of olein containing 1 per 
cent, of nickel in suspension, the number of particles of nickel 
per 0 . 0 . = iV’Ni =-'2 X10®. The mass of an olein molecule is 
rs X 10-21 gram^ which is extremely small compared with the mass 
of a nickel particle. Consequently, we can neglect the velocity 
of the metallic particle compared with the velocity of an olein 
molecule. 

The term becomes, therefore, Mj, which at 180® is 

equal to IT x 10^ cm. per second. The radius of the olein molecule 
is known to be 6x10'® cm. The term =3*85 x 10“®. 

Hence * 

=#: 8 X 10‘®. 

The observed velocity-constant at 180® = 3-4 x 10'^, time being 
expressed in seconds and natural logarithms being employed. The 
calculated value is therefore twenty-four times the observed. If 
cTj were taken to be 10'® cm. instead of 5 x 10'^ cm., the calculated 
velocity-honstant would be 2 x 10'®, which is six times the observed. 
In spite ol the disorepanoy, which may be well attributed to 
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error in the size assumed for the nickel particle, for, according to 
the above expression, the velocity varies inversely as the square 
of the radius of the particle, the result might be regarded as prima 
facie evidence for the treatment of the problem on the basis of 
collisions. Velocity data with graded nickel of approximately 
uniform grain are apparently not available. 

The above mechanism only requires collision between a single 
olein molecule and a single nickel particle, the latter being charged 
with atomic hydi^gen. Of the total collisions, only a small frac¬ 
tion, namely, is effective for the chemical change. If 

permanent adsorption of olein as a result of collisions occurred, we 
should have expected a still higher velocity than that calculated, 
which already errs in the sense of being too high. True adsor})- 
tion of the olein, therefore, apparently does not take place, the 
adsorption and solution phenomena being restricted to the nickel 
and hydrogen system. The absence of adsorption of the olein is 
in agreement with the results obtained by Armstrong and 
Hilditch on the hydrogenation of carbon monoxide to methane, 
although these authors regard the mechanism from a somewhat 
different point of view. Even when the concentration of the 
carbon monoxide is small, the effect takes place in the presence of 
olein, and, moreover, the amount of change is as much, if not 
more, than the amount which takes place under similar conditions 
in absence of oil.^' Naturally, the nature of the unsaturated sub¬ 
stance, olein, linolein, etc., determines the rate of the reaction, 
since the total critical increment, E, contains a term characteristic 
of the substance undergoing change. This is in agreement with 
one of the conclusions drawn by Armstrong and Hilditch. Further, 
since cotton-seed oil, linseed oil, whale oil, and olive oil contain 
more than one unsaturated substance, this introduces a change in 
the value of E during the course of a given reaction. In the case 
dealt with above, however, Thomas has determined the velocity- 
constants of the two constituents of olive oil, olein and linolein, 
and the collision equation has been applied to the single substance 
olein, as this forms 90 per cent, of olive oil, and presumably the 
data obtained for this substance are the most trustworthy. 

The mechanism of hydrogenation assumed &s a working hypo¬ 
thesis in the foregoing paragraphs involves essentially the dis¬ 
sociation of hydrogen, either adsorbed on or absorb^ by the 
nickel, followed by collisions between the charged nickel particles 
and the unsaturated molecules. It is not intended to suggest that 
in all cases collision frequency is the determining factor. It 
appears to be so in the case of olein, and presumably of similar 
substances. In other oases there is the possibility of adsorption bf 



lewis: studies in catalysis, pabt xm. 


637 


the unsaturated substance. In the latter cases, the observed rate 
of reaction would be expected to be considerably greater than 
that given by the collision equation, the degree of applicability of 
the expression being made use of as a criterion for the absence or 
presence of adsorption. Either view would also lead us to expect 
dehydrogenation of a saturated compound in the absence of 
hydrogen, since nickel will tend to abstract hydrogen from the 
compound in order to attain an equilibrium between hydrogen, 
unsaturated substance, and saturated substance. Under ordinary 
conditions of hydrogenation, in which hydrogen is used in large 
excess, the equilibrium point is neceesarily shifted far to one side. 
For those cases to which the collision expression applies, the 
eqiiilibrium consteant would be expected to take the form: 

equilibrium concentration of 
unsaturated compound X concentration of charged Ni 
concentration of saturated compound 

that is, the equilibrium con si ant would not depend on the amount 
of nickel present in the system. If, on the other hand, adsorption 
is a significant term, the above equilibrium expression is meaning¬ 
less. In either case, we should expect that the best hydrogenating 
agent would likewise be the best dehydrogenating agent. 


Summary. 

(1) From a consideration of the solubility of hydrogen in certain 
metals, it is inferred that metals in general possess finite dielectric 
capacities. 

(2) Values for the dielectric capacities of a number of metals 
at various temperatures have been obtained from the critical incre¬ 
ments of dissociation of hydrogen dissolved therein, by making use 
of the fact that 85,000 cals, per gram-molecule is the critical incre¬ 
ment of dissociation of hydrogen in the free, gaseous state. 

(3) The insolubility of hydrogen in certain metals is regarded 
as l>eing due to the inability of these metals to dissociate the gas. 
For this reason, these metals may be expected to function as 
negative catalysts when deposited on the surface of active metals 
in hydrogenation. 

(4) An expression has been obtained for the characteristic 
potential at the surface of a pure metal, namely, 

where e is the charge on an electron, the average distance of an 
electron from its neighbouring ion in the metal, and Dq is the 
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dieleotrio capacity of the metal. This expression is found to be 
in satisfactory agreement with tbe accepted values of the latter 
being obtain^ from thermionic effects, the threshold frequency of 
the normal photo-electric effect, and the resonance potential of 
metallic vapours. This agreement is regarded as supporting the 
view of the existence of finite dielectric capacities in the case of 
metals. By means of the above equation, it is calculated that 9 
for nickel is 2*8 volts. The contact potential difference between 
two pure metals is necessarily the difference of their 9 values. 

(5) In addition to the dielectric capacity, it is shown that the 
dissociating power of a metal for hydrogen depends on the existence 
in the metal of radiation of a sufficiently short wave-length. This 
is shown to be related to the magnitude of the atomic latent heat 
of fusion of the metal, a measure of the dissociating power being 
given by the product of the dielectric capacity and the latent heat 
of fusion. 

(6) In the light of the foregoing conclusions, the mechanism of 
hydrogenation of olein by nickel and other metals is considered, 
the processee involved consisting primarily of the dissociation and 
solution or adsorption of hydrogen by the particles of the metal 
with which the olein molecules, which are already activated in 
virtue of their temperature, collide. It is found th^t a simple 
collision expression of the following form reproduces, in so far as 
order of magnitude is concerned, the observed unimolecular 
velocity-constants obtained by Thomas {loc. cit,): 

where or^ is the mean radius of the olein molecule, o-j the corre¬ 
sponding quantity for an average particle of nickel, the mean 
thermal velocity of the olein mole^e, and E is the uncorrected 
critioal increment of the reaction, that is, the critical increment 
observed directly by experiment, uncorrected for the variation 
with temperature of the solubility of hydrogen in the metal. It 
is concluded that, in the case of hydrogenation of olein and of 
similar substances, adsorption of the unsaturated compound on the 
metal does not take place, the adsorption being restricted to the 
metal-hydrogen components. 

Mxtspratt Laboeatoey op Physical and Electro-Chkmistby, 

XlHifERSiTY OP Liverpool. [ Beceimd , April 1920.] 
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LXVIL —The Preparation of cjdoHeptane-l : l^di- 
acetic Acid. 


By James Nelson Edmund Day, George Armand Robert Kon, 
and Arnold Stevenson. 

In two recent papers (Beesley, Ingold, and Thorpe, T., 1915, 107, 
1080; Ingold and Thorpe, T., 1919, 115, 320), a comparison was 
made between derivatives of jSjS-dimethylglutario (I) and ct/clo- 



CHa-COgH 

CHg-COgH 


(II.) 


(I.) 


CO,H 


hexanediacetic acid (II) with respect to the degree of ease with 
which a bond can be established between the two a-carbon atoms 
of the acid, and the stability of the trimethylene compounds so 
produced. 

From the experimental data, it is argued that the forcing apart 
of two of the valencies of the quaternary carbon atom from 
109®28' to 120°, consequent on the formation of a cycZohexane 
ring, has the effect of diminishing the angle between the other 
two valencies, thus* bringing the two •CH 2 'C 02 H groups attached 
to the quaternary carbon atom into closer proximity. This 
facilitates the closing of a trimethylene ring, and, moreover, the 


OH,< 


CH,-CH 

OHj-OH 


’>C< 


OHj-COjH 

CHg-CO,H 


CH,< 


CHj-CH 

CH,-CH 



H-OOjH 

H-CO,H 


«p^o-compound so produced is more stable than the corresponding 
trimethylene derivative, caronic acid (III). 


Me. .OH-CO,H CHj-OHg-OH,. .CHj-COjH 

(HI.) (IV.) 


It is obvious that this effect should be even more marked in 
the ease of a compound in which two of the valencies of the 
quatemaay carbon atom are forced still farther apart by par¬ 
ticipating in the formation of a seven- or eight-membered ring, 
the angle in these cases being, according to Baeyer's strain theory, 
128^84' and 136° respectively. 

The interest atta^ing to the question has led the present 
authors to study the beet conditions for the preparation of cycla* 
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heptanediacefcio acid (IV), which would serve as the starting point 
in an investigation of the problem. 

From analogy to similar acids containing five- or six-membered 
rings, it was thought that the desired add could be readily 
obtained by condensing suberone with cyanoacetamide by Thole 
and Thorpe’s method (T., 1911, 99, 422) and hydrolysing the 
product, or with ethyl cyanoaoetate and ammonia in alcoholic 


CHa-CHg-CHj. NH,-CO-CHj-CN 

CN-CH,*CO-NHj 

CH,-CIT,-0H^ CH(CO-NH,)-C(NH) 

‘^CH(CN)-CO-^ ’ 

solution by Gxiareechi’s method (compare Kon and Thorpe, T., 




*>co + 


CN-CH,-CO,Et 
CN-CH,-CO,Et “ ‘ 


CH,.CH,-CH 


CH(CN)-C0 

CH(CN)-C0'^ 


(V.) 


1919, 116, 686), the latter product being also readily hydrolyse<l 
to the add. 

The necessary quantity of suberone was therefore prepared, but 
it was found that this ketone failed to react with cyanoacetamide 
under the conditions used by Thole and Thorpe in similar oases. 

Guareschi’s method was therefore adopted, but it was found that 
a yield of scarcely 15 per cent, of the theoretical was the best that 
could be obtained under the different conditions tried, and it 
generally amounted to about 10 per cent. only. 

The reason of the unsatisfactory yields is at present without 
explanation. It may be due to the solubility of the ammonium 
salt of the dicyano-imide, which is not precipitated from the 
alcoholic solution, as is the case in other condensations of a similar 
nature; but it is also conceivable that the effect of a seven- 
membered ring may be to inhibit the closing of a piperidine ring, 
in the same way and for the same reason as it may be expected 
to facilitate the formation of a three-membered ring, that is, by 
reducing the angle between the two valencies of the quaternary 
carbon atom which do not take part in the formation of the seven- 
membered ring. 

An examination of the mother liquor from the original con¬ 
densation has led to the discovery, in addition to cyanoacetamide 
and unchanged ketone, of a eompound apparently formed from 
one molecule of the former and two molecules of the latter by the 
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elimination of two molecules of water, doubtless in accordance 
with the following scheme: 




ON 

C-OH + HCH 

CO-NHj, 


+ 


OH-C^ 


CH-CH«-CH 

1 

CHj-CH,-CH 


2 

2 


CH,-CH2-CH2. r" .CH-CH,-CH2 

I “>--6-of I *+2H,0 

OH,-CHj-CH^ (JO-NH ^CHj-CHj-OHj 

(VI.) 

although the experimental data are as yet insufficient to establish 
the constitution with certainty. 

An examination of the main condensation product showed that 
it was formed in the usual manner from one molecule of the ketone 
reacting with two molecules of cyanoacetamide (see p. 640). It 
possessed the usual properties of such compounds, crystallised well, 
and gave on treatment with cold concentrated sulphuric acid the 
diamide, 

(:H,-CH,-CH CH(CO-NH,)-CO 

(VII.) 

On complete hydrolysis by means of boiling 85 per cent, 
sulphuric acid, a fair yield of CryoXoheptmiediaretic aeid was 
obtained from the imide. 

The acid, which melts at 156—157®, greatly resembles its homo- 
logues, cyc/ohexanediacetic acid (Thole and Thorpe, loc. cit.y 
p. 445) and cycfopentanediaoetic acid (Kon and Thorpe, loc, cit., 
p. 700), and was characterised by the formation of its anhydride 
and semianilide, which crystallise very readily. 


Experimental. 
rrepoA'aiuyih of Stiheric Add, 

Markownikov’s method (Ber,, 1894, 26, 3089) was followed. 
One hundred kilos, of dilute nitric acid (D 125) were gradually 
added to 50 kilos, of castor oil contained in a large steam-jacketed 
pan; each addition of the add caused considerable frothing, so 
that the operation occupied several days; the contents of the pan 
were finally heated for another day. 

The aqueous layer was then syphoned out, and the gummy oil 
repeatedly extracted with boiling water. The combined aqueous 
solutions were evaporated to dryness, yielding about 5 kilos, of a 
dark solid still contaminated with oily matter. 
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The whole quantity was purified by diseolving it in water, boil¬ 
ing with animal charcoal (500 grains of crude add, 750 o.o. of 
water, and 40 grams of animal charcoal), rapidly filtering, and 
allowing to crystallise. The solid so obtained was sandy in appear¬ 
ance and melted indefinitely between 110° and 130°; the quantity 
was 3000 grams, which includes some recovered by extracting the 
charcoal with hot water. 

Preliminary experiments showed that Markownikov’s method of 
separating suberic and azelaic acids by means of ether (loc. cit.) 
was extremely tedious and unsatisfactory, and an attempt was 
made to find a simpler method. This was ultimately achieved, 
enabling sufficiently pure suberic acid to be produced in one 
operation. 

Three hundred grams of mixed acids, purified ats above, are 
suspended in 1500 o.o. of boiling benzene and brought into solu¬ 
tion by adding absolute alcohol (about 390 c.o. were usually 
required). On cooling, almost pure suberic acid, melting at 
136—138°, separates out, and can be used for the preparation of 
suberone without fiu’ther purification. 

A second crystallisation is sufficient to give pure, although still 
somewhat coloured, suberic acid, melting at 139—140° (Found: 
0 = 55*01; H=7*83. 08Hi^04 requires 0 = 5518; H = 8*06 per 

cent.). 

The separation of the acid was usually hastened by leaving the 
vessel in a cool place overnight, and it was found that the yield 
varied somewhat with the temperature, but was usually about 
120 grams; if it was much higher, the quality of the product was 
inferior. 

The mother liquors from the first crop of suberic acid were 
evaporated to half their bulk and allowed to crystallise again; 
from the solid which separated, more suberic acid could be obtained 
by repeating the process described above. The total amount of 
suberic acid produced in this way was 1600 grams. 

The combined mother liquors on evaporation yielded a residue, 
from which, after removing the oily impurities by rubbing twice 
with dry ether and pressing on porous plates, azelaic acid could be 
obtained in a state of purity by repeated crystallisation from 
water (m. p. 106°; Found: C = 57*42; H>;=8*30. C 9 Hie 04 requires 
0 = 67*44; H = 8’*6l per cent.), but the quantity was rather small 
(200 grams). 

Preparaticm of Suberone. 

The catalytic process of the Farbenfabriken rotm. F. Bayer 
& Co. (D.R.-P. 266622), which was found to give such eatoeHent 
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results in the case of adipic acid (Kon and Thorpe, loc, cit.), could 
not be applied to suberic acid, the latter distilling unchanged; the 
modification involving the use of iron filings instead of baryta as 
a catalyst was also unsatisfactory. The following method was 
finally adopted. 

The suberic acid was converted through its ammonium salt into 
the calcium salt, using a 20 per cent, excess of lime. The salt 
was carefully dried at 100° and distilled in portions of not more 
than 28 grams at a time. 

The best vessel for the purpose was found to be a 500 c.c. 
conical flask suspended in an iron saucepan serving as an air- 
bath, and provided with an asbestos cover perforated to allow the 
neck of the flask to protrude. 

The flask was provided with a cork with two tubes passing 
through. One of these enabled a current of an inert gas to be 
circulated through the apparatus, whilst the other, which pene¬ 
trated half way down into the flask and consisted of capillary 
tubing (coirnpare Young, T., 1891, 69 , 621), served as a still-head, 
and was connected to the condenser. This arrangement minimises 
the decomposition, which is caused by the distillate dropping back 
on to the hot calcium salt in the flask. 

Four such sets of apparatus enabled 1400 grams of suberic acid 
to be worked up in a few days. 

The crude distillate was separated from the small amount of 
water and fractionated, the fractions obtained from the total 


amount of suberic acid 

being as follows: 


(1). 

Below 100° 

8 grams 

(2). 

100—160° 

16 ., 

(3). 

160—174 

21 M 

(4). 

174—183 

362 „ 

(6). 

183—190 

31 „ 

(6). 

190—200 

26 „ 

(7). 

200—240 

20 „ 


Fraction (4) was pure enough to condense with ethyl cyanoacetate. 
An attempt was made to purify fraction (5) through the semi- 
carbazone, but this led to loss; the bisulphite method, however, 
proved very satisfactory, and a further 50 grams of pure suberone 
were obtained ^from the fractions of high and low boiling points. 

Condensation of Suberone with Ethyl Cyanoacetate: ta-lmide of 
aa^-Dicyam4>csyf^oht'pt€meA :l-diac€tic Add (V, p. 640). 

As already mentioned in the introduction, only a very poor yield 
of the above oondemsation product could be obtained by the 
Guareschi method, and the ketone, which had failed to react, had 
to be recovered by a long and tedious process. 

The best results were obtained as follows; 44 grains of suberone, 
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90 grains of ethyl cyanoawjetate, and 200 c.c. of saturated alcoholic 
ammonia were mixed and kept in a stoppered bottle for three 
days. The mixture deposited a certain amount of cyanoacetamide 
and assumed a deep yellow colour. It was mixed with about 
800 c.c. of water, and the aqueous layer twice extracted with ether 
and acidified, when 11 grams of a crystalline solid were precipitated, 
and 1*5 grams were recovered by evaporating the mother liquor 
to half its bulk. 

On recrystallisation from dilute alcohol, the compound is 
obtained in colourless, sparkling plates melting at 203*5—204°: 

0*1133 gave 0*2637 CO^ and 0*0646 H.O. 0 = 63*71; H = 0*34. 

0*1,(^45 „ 15*95 c.c. N 2 at 19*5° and 757*7 mm. N = 17*38. 

CjgHjr,0.2^3 requires 0 = 63*64; H = 6*17; N = 17*14 per cent. 

J 

m-lmide of aa^-DicarbamyloycAoheptaiie-l'A-diaeetic Acid 
(Vli, p. 641). 

If the above dicyano-imide is dissolved in ten times its weight 
of cold concentrated sulphuric acid, and the solution, after 
remaining for twenty-four hours, is poured on ice, a crystalline 
solid is gradually deposited. It forms transparent prisms blacken¬ 
ing at 295° and decomposing without melting at about 306°: 

0*0914 gave 11*9 c.c. Ng at 19*5° and 765*6 mm. N = 14*98. 

0 ] 3 Hi 904 N 3 requires N = 14*94 per cent. 

It is very sparingly soluble in all solvents, but can be recrystal¬ 
lised from a large quantity of acetic acid. 

oyc\oHeptane-\ \\-dificetic Acul (IV, p. 639). 

Twenty grams of the dicyano-imide are dissolved in 70 c.c. of 
concentrated sulphuric acid, 15 c.c. of water are added, and the 
solution is gently heated on a sand-bath until a vigorous evolution 
of carbon dioxide begins; the temperature is then kept steady for 
about an hour until the reaction slackens, when the liquid is 
allowed to cool; 50 c.c. of water are then added, and the solution 
is boiled under reflux for five hours. When cold, the solution is 
diluted with water and repeatedly extracted with ether, the acid 
being removed from the ether by shaking with sodium carbonate 
solution; it is precipitated when the latter is acidified (13*5 grams). 

The acid obtained in this way crystallises well from dilute 
alcohol in long, flattened needles, which melt at 166—157°. It is 
very sparingly soluble in water or benzene, differing in the latter 
property from the isomeric methylcycZohexanediaoetic acids, which 
are appreciably more readily soluble in benzene: 

0*1282 gave 0*2902 CO 2 and 0*0980 HgO. 61*73; H==8*49. 
OiiHjgO^ requires 0 = 61*64; H=8*46 per cent. 
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A neutral solution of the ammonium salt of the acid gives no 
precipitate with a normal solution of barium chloride. With 
calcium chloride, a precipitate is obtained on boiling the solution, 
and this does not redissolve on cooling or adding water. 

The silver salt is obtained as a curdy precipitate on adding a 
solution of silver nitrate to a neutral solution of the ammonium 
salt. It is very sparingly soluble: 

0-3025 gave 0-1515 Ag. Ag-50 08. 

C|iHi 704 Ag requires Ag = 50-42 per cent. 

The anliydridx is readily formed by the action of boiling acetyl 
chloride on the acid, and crystallises in large laminae as the reagent 
evaporates. It separates from light petroleum (b. ]). 60—80°) in 
iridescent plates melting at 75—76°, and is slowly reconverted to 
the acid on boiling with water: 

01189 gave 0*2940 CO., and 0 0883 IL,0. 0-67 41 ; H-8-25. 

CiiIIj (.03 requires C' —67*35; H —8*22 per cent. 

The setnmtidule is prepared by boiling a benzene solution of the 
anhydride with aniline for a few minutes. It crystallises on 
evaporating off the benzene, and can be purified by recrystallisation 
frojii dilute alcohol. It forms small plates melting at 139*5—140°: 

0*1321 gave 0*3409 CO^ and 0*0957 H.O. C-70-37; H-8-05. 

CJ 7 H 23 O 3 N reqixires 0 = 70-53; H = 8*01 per cent. 

The imulc of oyc\ohe 2 Jtanediacetic acid, 


l 


CH,-CO 


is formed as a by-product in the hydrolysis of the dicyano-imide, 
and can be obtained by evaporating the ether used for extracting 
the acid after the latter has been removed by means of sodium 
carbonate solution. The solid residxie crystallises extremely well 
from benzene, and is obtained in large, iridescent plates melting 
at 177~-178-5°: 


0-1202 gave 8*0 c.c. No at 20*0° and 757 1 mm. N — 7 55. 
Cj|Hi 702 N requires N = 7-18 per cent. 


Eaamiiudian of the Mother Liquors from the Onginal 
Condensation (Compound VI, p. 641). 

The etliereal extract containing unchanged suberone is reduced 
to a small bulk by distillation on a steam-bath, using an efficient 
fractionating column to prevent loss of ketone. The residue in 
the flask is treated with a concentrated solution of sodium hydrogen 
sulphite, which rapidly combines with the ketone; the solid com¬ 
pound is isolated by filtration, purified by grinding with ether, and 
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yields, on decoinpoeition witli alkali, tlie ketone in a state of 
purity; about one-fifth to a quarter of the original amount is 
recovered in this way. 

The ethereal washings are added to the filtrate from the 
hydrogen sulphite compound, which contains mainly cyanoacet- 
amide, in addition to oily impurities. On prolonged keeping, a 
small quAutity of a very sparingly soluble solid separates, and can 
be purified by recrystallisation from much alcohol, separating from 
this solvent in prisms melting at 187®: 

0*1367 gave 0 3745 CO^ and 0T078 HgO. C== 74*71; Ii;=8‘76. 

0*1581 „ 14*8 c.o. Ns at 22*0® and 748*8 imn. N==10*40. 

C 17 H 24 ON 2 requires 0 = 74*94; H = 8*89; N= 10*29 per cent. 

On boiling for ten minutes with concentrated hydrochloric acid, 
this compound is transformed into a semi-solid mass which solidifies 
on cooling. On crystallisation from dilute alcohol, this is 
obtained in small plates melting sharply at 137®. It is much more 
readily soluble in alcohol than the former compound, with which 
it is isomeric: 

0*1482 gave 0*4973 CO^ and 0*1159 H^O. C=*74*94; H=8*69. 
0*1606 „ 14*6 c.o. Ng at 21*3® and 775*2 mm. N = 10*46. 

These compounds are still under investigation. 

In conclusion, our best thanks are due to Prof. J. F. Thorpe, 
F.R. 8 ., for his interest in the course of the investigation; we are 
indebted to Messrs. May and Baker, Ltd., of Battersea, for having 
undertaken the preparation of crude suberic acid from which our 
suberone was prepared; and to Mr. E. A. Perren, of this College, 
for his help in the purification of suberic acid. 

Impebxal C0L1.BGE OF Science and Teohnoi.ogy, 

South Kensington. [Received, April 28//?, 1920.] 


LXVIIL —Estimation of Nitroform by Potassium 
Permanganate. 

By Phyllis Violet McKie. 

A SIMPLE and accurate method of estimating nitroform in the 
presence of nitric, nitrous, and sulphuric adds when titration hy 
alkali hydroxide (Hantasoh, J 0 er., 1899, 82 , 628) is not applicable 
is found in the reduction _qf permanganate in add solution 
(compare Orton and MciKie, this vol., 283). 

CH(N02)3+20a-i-3HNOa. 
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That this equation quantitatively represente the reaction was 
confirmed by determining the nitric acid (by oxidation by ferrous 
salt in an atmosphere of carbon dioxide) produced from given 
quantities of nitroform and potassium permanganate. Thus it 
was found that 1 mole of potassium nitroform (CK[N02]3= 18915) 
reduced (i) 79*84, (ii) 79*96, (iii) 79*95 litres of i\^/10-perman¬ 
ganate, and yielded (i) 2*997, (ii) 2*990, (iii) 2*995 moles of nitric 
acid. 

To ascertain the best procedure and to test the accuracy of the 
method, standard solutions were made up of the pure potassium 
and ammonium salts, which were prepared from pure tetranitro- 
methane by the methods, respectively, of Hantzsch {lac, cit.) and 
Pictet and Genequand (Ber., 1903, 36 , 2228), and recrystaJlised 
by slowly evaporating their aqueous (alkaline in the case of the 
ammonium 8«dt) solutions at the laboratory temperature over 
sodium hydroxide under diminished pressure, and shielded from 
light. 

The volumetric procedure, which was found to give the best 
results, is as follows. After ascertaining roughly the volume of 
permanganate which is required by some volume of the given 
nitroform solution, 25 c.c. of the latter are added to a known 
excess (50 c.c.) of A/10-permanganate acidified with 10 o.c. of 
10 per cent, sulphuric acid. The mixture is then heated to 30° ; 
after remaining for one minute at that temperature, 20 c.c. of 
a 2*5 per cent, solution of potassium iodide is added, and the 
liberated iodine titrated with A/10-thiosulphate, using starch-paste 
as indicator. 

As the reaction is rather slow, both considerable excess of per¬ 
manganate and the elevated temperature (30°) are essential; 
extension of the time or a higher temperature is not permissible, 
owing to a separation of manganese dioxide which then occurs. 
Failure to oxidise the whole of the nitroform is indicated by a 
persistent yellow colour after the titration of the iodine. 

In nitration products, titration in the manner described results 
in a reduction of the permanganate equivalent both to the nitro¬ 
form and to the nitrous acid ” (compare Lunge, “ Sulphuric 
Acid and Alkali,” 4th ed., 1913, 1 , i, 388). To determine the 
nitroform, the mixture may first be titrated, then the ‘'nitrous 
acid” removed (partly) by aspiration, and the mixture again 
titrated. It is found that at a given temperature and with a 
given air current, the percentage loss of nitrous acid is independent 
of the initial concentration within wide limits. Thus, at 16°, with 
an air current of 0*1 litre per minute, it was found that 73*3 
(72*8—73*9) per cent* of the nitrous acid disappears in one hour 
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from solutioiis containing nitric acid (7-—8 per cent.), nitroform, 
and nitrons acid. 

An alternative method is the destruction of the nitrous acid 
by ammonium nitrate (compare Gailhat, J . PlKirm, Ghim., 1900, 
[Vi], 12, 9, and Gerlinger, Zeitsch. angeiv. Ghem,, 1902, 14, 1250, 
both of'whom used ammonium chloride). The substitution of 
carbamide for the purpose leads to a small (8—10 per cent.) loss 
of nitroform. 

To a solution of nitroform containing 0-2—0*3 gram of nitrous 
acid, 3 grams of ammonium nitrate are added; the mixture, which 
should not be alkaline, is boiled for a short time (one minute 
suffices), cooled to 30®, and titrated with permanganate. That the 
destruction of the nitrous acid is complete can be shown by 
potassium iodide, a reagent which is not affected rapidly by nitro¬ 
form. The table illustrates the results of experiments in which 
nitrous acid was removed by ammonium nitrate. 


C!K(NOda. 

NaNOj. 

^r/lO-KMnO^. 

Nitroform. 

CK(NO,), 

found. 

CK(N0,)3 

found. 

Gram. 

Gram. 

C.c. 

Gram. 

Percentage. 

003004 

0-04 

12*7 

003994 

100*0 

003004 

004 

12*67 

0*02996 

99*72 

003004 

0-02 

12*7 

0*03004 

100*0 

003004 

0*02 

12*69 

0*03000 

99*86 

003004 

006 

12*75 

0*03012 

100*3 

003004 

006 

12*72 

0*03007 

100*1 


As an alternative, the nitroform may be distilled in a current 
of steam from the product (100 c.c. acidified with 15 o.o. of phos- 
phorio add, D 1*7), after treatment with ammonium nitrate, and 
the distillate titrated. About thirty minutes are required for the 
nitroform to pass over. 

Comparisons of the above method have been made with titration 
by alkali of the nitroform extracted by ether (in the absence of 
nitrous acid), or distilled in a current of steam, and also with a 
method based on the precipitation by nitron (Schmidt, J5er., 1919, 
62, [i?], 400), which appeared while this investigation was in 
progress. The permanganate method is far more convenient, and, 
by comparison of the two methods, more accurate. 

Univkksity Oozxbqe or Nokth Wales, 

Banoob. 

Univebsity College, 

Lokdok. 


[Received, April 1th, 1920.] 
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LXIX .—The Action of Alcohol on the Sulphates of 

Sodium, 

By Gerald Snowden Butler and Horace Barratt Dunnicliff. 

The literature dealing with the solubility relationships of the 
sulphates of sodium is given by Foote (/. Ind. Eng, Chem,, 1918, 
10, 896), and Saxton {ibid,, 897) draws certain important con¬ 
clusions relating to the composition of the solid sulphates of sodium 
prepared according to a method by which these were washed first 
with a mixture of sulphuric acid, water, and alcohol, then with 
alcohol; and finally with ether. 

The present paper shows (1) that sodium sulphate and sodium 
hydrogen sulphate are acted on by a mixture of alcohol and 
sulphuric acid, and (2) that the waging with alcohol would decom¬ 
pose sodium hydrogen sulphate alone or in the presence of sodium 
sulphate, but would not decompose the compound Na2S04,NaH804. 
Saxton does not state how many times his compounds were washed 
with alcohol or ether, or if the washing was continued until the 
washings were neutral. It is showm below that, with or without 
preliminary washings with alcohol, many days’ extraction with 
ether are required completely to remove the acidity from sodium 
sulphate or hydrogen sulphate which has been treated with alcoholic 
sulphuric acid. This point appears to be of great importance in 
connexion with the results given in Saxton’s paper. 

Lunge (''Sulphuric Acid and Alkali,'^ 1909, Vol. II, Part I, 29) 
states that the compound Na3H(S04)2, observed by Thomson and 
Mitscherlioh, is stable in air (see also D’Ans, Btr.y 1906, 39, 
1534), that (loc. dt.y p. 24) water decomposes sodium hydrogen 
sulphate into neutral sulphate and free sulphuric acid (compare 
Pascal and Ero, Bull. Soc, ckim.y 1919, [iv], 25, 25), and that 
alcohol deprives powdered sodium hydrogen sulphate of all free 
acid (see also Roscoe and Schorlemmer s "Treatise on Chemistry,” 
1913, Vol. II, pp. 261 and 341, where a similar statement is made 
regarding potassium hydrogen sulphate). 

Pascal and Ero {lac. cit.) have studied the ternary system 
Na2S04-H2S04-H20, They state that a fused mixture of sodium 
sulphate and hydrogen sulphate is converted on cooling through 
179° into the compound Na2S04,NaHS04. Further, that nitre- 
cakee having an acidity inferior to 36 per cent, of sulphuric acid, 
on cooling after the retort is tapped, must pass through that 
temperature, and must therefore consist of a mixture of sodium 
hydrogen sulphate and the compound Na2804,NaHS04. 

VOL^ GXVJl. 
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Experimental. 


This work was undertaken as part of a research on the recovery 
of sulphuric acid from nitre-cake by means of spirits of wine (com¬ 
mercial ethyl alcohol). Experiments on commercial nitre-cakes 
were somewhat anomalous, but showed that nitre-cake, whether dry 
or moistened with 10 per cent, of water, when washed with either 
commercial (undried) alcohol or with absolute alcohol gave a 
residue having an acidity corresponding with about 18*7 per cent, 
of sulphuric acid, and that even in cases where the water added 
to the nitre-cake was as much as 60 per cent, of the weight of the 
cake, the residue had an acidity of about that value. 

In view of the statements mentioned above regarding the action 
of alcohol on sodium hydrogen sulphate, it was expected that the 
residues resulting from these experiments would be free from add. 
The fact that they invariably showed an addity approximating to 
18*5 per cent, suggested the formation of an add salt having an 
addity inferior to that of sodium hydrogen sulphate. The sub¬ 
sequent work was undertaken with the object of elucidating this 
point. 

It is now known, as the result of this work, that exhaustive 
extraction of nitre-cake by commerdal alcohol containing even 
small percentages of water leads to the progressive diminution in 
the acidity of the residue after each extraction, and finally results 
in complete extraction of the add. The constancy of the value 
(about 18‘5 per cent.) obtained in the above experiments is due to 
the fact that the residues were not washed exhaustively with 
alcohol. Washing with the alcohol was only repeated four or five 
times. The progressive extraction of nitre-cake by commerdal 
spirit has been studied by the authors, and the addity in the resi¬ 
due after each extraction has been determined. Full details of 
this part of the work will be published in a subsequent paper on 
the commercial aspect of the subject, but the values given in 
table I will illustrate the points suflidently for the present pur¬ 
pose, and will explain one of the several reasons why an investi¬ 
gation of the subject with pure mal^als was undertaken. 


Table I. 


Successive Extraction of Eitre-cahe hy Moist Alcohol. {About 


6 per cent, of Water.) 


Sulphuric 

add* 


Acidify of original cako 
Addity of residue after 

f*' »» 

P9 $$ 


6th Extraction with alcohol. 

12th fp • 

lotn u M •* 


Per cent. 
330 
164 
8*3 
1-6 


fp 

pf 
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It will be sbDwn that pure, dry alcohol extracts acid from pure 
sodium hydrogen sulphate until the residue contains only 18*69 
per cent, (calc.: 18*7 per cent.) of acidity as sulphuric acid, and 
that neither in the cold nor when heat^ has dry alcohol any 
further action on it. 

The results quoted for commercial nitre-cake were obtained 
because the solid, that is, the nitre-cake or partly extracted nitre- 
cake, was not washed until the washings were neutral. In fact, 
the above results (table I) show that, with commercial spirite of 
wine, a neutral washing could not have been obtained until all the 
acidity had been extracted from the cake. 

Prejjaration of Materials- -Sixlium sulphate was prepared by 
neutralising a solution of pure sodium carbonate with pure 
sulphuric acid. The solution wets evaporated to dryness and fused 
until neutral. 

Sodium hydrogen sulphate^ prepared from the calculated quanti¬ 
ties of pure sodium carbonate and pure sulphuric acid, was fused 
at 200° until no further loss was observed. The salt is hygrcK 
scopic. It gave the following analysis: 

Found. Calc. 

Per cent. Per cent. 


Free acid as H,S 04 . 40*76 40*83 

Sodium sulphate formed on ignition. 59*10 59*18 

“ SO 4 ” as Na,S 04 . 39*80 40*00 

“ SO 4 ” estimated as BaS 04 . 67*60 67*53 


In all experiments in which pure, dry sodium sulphate of 
hydrogen sulphate was used, the sulphate was fused and poured 
into a hot agate mortar, quickly ground up as soon as solidification 
had set in, and transferred to a weighing bottle. 

Sulphuric acid (100 per cent.) was prepared by mixing calculated 
quantities of pure sulphuric acid with fuming sulphuric acid. The 
strength was 100* 38 per cent., and the concentration was reduced 
to 100*10 per cent, by exposure to a moist atmosphere. 

Ethyl Alcohol .—Pure absolute alcohol was left in contact with 
lime for several days and then distilled. This operation was 
repeated until the strength of the distillate, as determined from 
its density, was 99*80 per cent, by weight. 

Alcoholic sulphuric acids were made up by mixing refined 
alcohol with 100 per cent, sulphuric acid. The approximate 
strength yras obtained by weighing, and the actual strength was 
determined by titration. Esterification takes place slowly (at 
18—19°), and at that temperature about three weeks are required 
for equilibrium to be established. The percentage total ” acidity, 
a, is found by evaporating a weighed portion of the alcoholic 
iulphurlc add to pastmees with excess of standard sodium or 
l^poiaesiuiii hydroxide, and then heating in an air-oven for half 
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an hour afe 120°. This eaasnree complete decomposition of the 
ethyl hydrogen sulphate. The percentage acidity by direct titra¬ 
tion, by is found by titrating a known weight of the alcoholic 
sulphuric acid with standard alkali hydroxide. The percentage 
esterification of the sulphuric acid present is given by 

X 100. 
a 

These values (see figure and tables V and VI) have been care¬ 
fully verified. They differ considerably from those previously 
available. This work on ethyl hydrogen sulphate will be thc| 
subject of a subsequent paper. 

Ethyl Ether. —Commercial ‘^pure’^ ether was dried over calciun| 
chloride, then by exposure to metallic sodium with intermittenf 
shaking, and was finally distilled from sodium. 


The Action of Pure, Dry Alcohol on PnrCy Dry Sodi/wrti Svljyhate 
and its Crystallme Hydrates. 

Alcohol has no action on neutral, anhydrous sodium sulphate. 
Sodium sulphate is sparingly soluble in dilute alcohol. 

When the sulphates Na2SO4,10H2O and Na 2 S 04 , 7 H 20 are treated 
with dry, cold alcohol, the whole of the water of crystallisation is 
extracted and the anhydrous sulphate remains. When a super¬ 
saturated solution of sodium sulphate in water is treated with 
warm alcohol (D 0*850), the heptahydrate crystallises out (Lowel, 
Atm, Chim. Fhys., 1851, [hi], 33 , 334; 1857, 49 , 32). 


The Action of PurCy Dry Alcohol on Pure, Dry Sodium Hydrogen 

Sulphate, 

The first experiments were carried out with ordinary “ absolute ” 
alcohol not specially dried. The dried, powdered hydrogen 
sulphate was shaken for a short time with excess of this alcohol, 
filtered, and then washed repeatedly with the same substance. 
The acidity of the residue fell rapidly to about 18‘7 per cent, of 
sulphuric acid, the washings being strongly acid, and then con¬ 
tinued to fall, but very slowly, and the washings were only faintly 
acid. Two samples, after very exhaustive washing, contained 
acidities of 17*53 and 17*46 per cent, respectively, and the wash¬ 
ings still showed faint acidity. The experiments were repeated 
with specially dried alcohol prepared as described above, and 
similar results were obWnsd. The acidity, as before, rapidly feB 
to about 18*7 per osnt.;^ and then decrease^ very slowly, but in this 
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case exhaustive washing reduced the acidity only to 18* 07 per 
cent, and 18*31 per cent., in duplicate samples. 

Now, an acidity of 18*7 per cent, corresponds with that of the 
intermediate sulphate, Na 2 S 04 ,NaHS 04 , and it was concluded that 
the rapid reduction of the acidity to approximately this value was 
due to the formation of this salt. It was further concluded that 
the reduction of the acidity below 18*7 per cent, was due to water 
in both cases. The method of extraction on an open filter favoured 
the abvsorption of atmospheric moisture by the alcohol. 

Attempts to eliminate the effect of atmospheric moisture by 
carrying out the extraction in a Soxhlet apparatus produced 
similar results; prolonged extraction invariably gave a residue 
having an acidity slightly below 18*7 per cent. In this case, it was 
decided that water from another source was responsible, partly, at 
any rate, for the anomalous results. It has been shown repeatedly 
in the course of this work that ethyl hydrogen sulphate is invari¬ 
ably formed when alcohol acts on sodium hydrogen sulphate, and 
it follows that an equivalent quantity of water must be present as 
a result of this reaction. 

3.rNaHS04 -f yEtOH - EtnS04 + .rNaoS04,NaHS04 + 

HoO + (.T- 1 )HoS 04 + (;/ - l)EtOH. 

In an extraction in a Soxhlet apparatus, this water would dilute 
the alcohol and would distil over with it, and the effect would be 
the same as that produced by the undried alcohol in the method 
of extraction by washing on a filter. Attempts were made to 
eliminate this water by placing in the flasks of the extraction 
apparatus (1) anhydrous copper sulphate, and (2) magnesium 
powder, the latter in the hope that magnesium sulphate and 
hydrogen would he formed and the production of ethyl hydrogen 
sulphate prevented. Both failed, owing to the difficulties in carry¬ 
ing out the extraction, caused mainly by violent bumping in the 
flask. It was finally decided that the best method of attacking 
the problem was to allow an excess of dried alcohol to remain in 
contact with the salt for a time sufficient to permit of equilibrium 
being reached, and then to remove the liquor from the sphere of 
action as quickly as possible by washing with a neutral solvent. 
The solvent adopted was ether, dried as described above. A blank 
experiment, carried out by extracting some dried sodium hydrogen 
sulphate (acidity, 40*76 per cent.) with the ether in a Soxhlet 
apparatus, gave, after prolonged extraction, residues containing 
40*57 and 40*68 per cent, of sulphuric acid, showing that ether is 
without action on the hydrogen sulphate. Dried sodium hydrogen 
sulphate was shaken continuously in a shaking machine with dried 
alcohol for twenty-four hours, and then filtered off rapidly. The 
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residue was wrapped in clean paper and extracted in a Sexhlet 
apparatus with the dried ether until the runnings were neutral. 
The residue obtained by this method invariably had an acidity 
lying between 18‘66 and 18*74 per cent, of sulphuric acid. Similar 
results were obtained when the hydrogen sulphate, instead of being 
shaken with alcohol, was digested with it for several hours under 
a reflux condenser. 

The conclusion is that the action of dry alcohol, either hot or 
cold, on dry sodium hydrogen sulphate results in the formation of 
the intermediate sulphate, Na 2 S 04 ,NaHS 04 , containing 18*7 per 
cent, of acidity as sulphuric add. 

3NaHS04 = H 2 SO 4 + Na 2 S 04 ,NaHS 04 . 

Thus, dry alcohol extracts two-thirds of the addity from sodium 
hydrogen sulphate, and the statement found in certain standard 
works (loc. cit.) that sodium hydrogen sulphate is decomposed by 
alcohol with the formation of neutral sulphate, requires revision. 
Complete extraction of the add only takes place when the alcohol 
is contaminated with water. 

The action of alcohol on potassium hydrogen sulphate was next 
examined. The ‘^pure^’ material was fused until no further loss 
of weight could be detected. The addity was 36*15 per cent, 
(calc.: 36*03 per cent.). Several samples were treated with 
alcohol and extracted with ether, as in the case of the sodium salt, 
and the addity in the residue was estimated. In all the samples 
the addity lay between 36*59 and 35*84 per cent. It is thus 
evident that the decomposition of potassium hydrogen sulphate by 
dry alcohol is negligible. This result is recorded independently by 
Borntraeger (Annali Chim. Appl,, 1919, 12, 1). 

The action of several other aliphatic alcohols on sodium hydrogen 
sulphate was examined to see if their behaviour is similar to that 
of ethyl alcohol. The results are given in table II. 


Table II. 

A ction of certain Aliphatic Alcohols on Dry Sodmm Hydrogen 

Sidphate, 


Alcohol, 

Methyl alcohol . 

Ethyl alcohol . 

n-Butyl alcohol. 

Amyl alcohol.. 


Boiling point Acidity of 

under 610 mm. residue, 
pressure.* Per cent. 

59*6« 18-68 

72-5® 18-68 

110-111® 18-66 

126-0® 18-66 


Normal pressure at iho laboratory at which the work was done* 
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The Nature of the Beaction between A Icohol and, Sodmm 
Hydrogen Sulphate. 

During the investigation of the reaction by repeated washings 
with alcohol on a filter, the washings were collected and the acidity 
was determined by titration. It was noticed that the acid found 
in the washings was always less than that which had disappeared 
from the salt. It was suspected that this discrepancy was due to 
the formation of ethyl hydrogen sulphate. The liquors were 
examined for this substance, and its presence was confirmed. 

The method of analysis employed for determining in these 
alcoholic extracts both the total acidity and the extent of con¬ 
version into ethyl hydrogen sulphate is that described above under 
'' alcoholic sulphuric acids. 

The question then arose: Is the ethyl hydrogen sulphate formed 
as a result of direct action between the alcohol and the hydrogen 
sulphate, or is its formation a secondary reaction between the 
alcohol present and the sulphuric acid extracted directly from the 
hydrogen sulphate? 

The solution of the problem involved an examination of the 
reaction occurring when dry alcohol and dry sulphuric acid are 
mixed in varying proportions. The detailed results of this ex¬ 
amination will be given in a separate paper, and it is sufficient to 
state here that: 

(1) At the ordinary temperature (18^ to 19^^) equilibrium 
between the product, ethyl hydrogen sulphate, and the reacting 
substances is reached very slowly, and requires about two or three 
weeks for completion. 

( 2 ) The extent of the conversion depends on the proportions in 
which the reacting substances are present. 

The curve indicates the percentage esterification of the total 
sulphuric acid present for varying proportions of alcohol and 
sulphuric acid after equilibrium has been attained. 

The answer to the question proposed was found by a comparison 
of results obtained with acid alcoholic liquids prepared from sodium 
hydrogen sulphate with the values on the above curve. 

Since the action represented by the equation 

H 0 SO 4 -i- EtOH — EtHSO^ + H 2 O 

takes some time to reach equilibrium, it follows that, if the presence 
of ethyl hydrogen sulphate in the liquor prepared from sodium 
hydrogen sulphate is due to this reaction, the examination of such 
liquors immediately after the substances have been shaken together 
should show percentage conversion lower than those on the above 
^rve, If, on the, qthw ha^id, th^ eth^l hydrogen sulphate is pro- 
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ducsed as a result of direct action between the alcohol and the 
hydrogen sulphate, the value should lie either on its curve or above 
it, according as the reaction EtHS 04 + H 20 —> Et0H + H 2 S 04 
reaches equilibrium quickly or slowly. (The velocity of this reac¬ 
tion was not studied quantitatively during this work, but it has 
been observed that the hydrolysis takes place slowly.) Quantities 

Percentage of ethyl alcohol. 


too 90 BO 70 60 so dio 50 to to O 



Percentage of sulphuric acid. 
Esterification of alcoholic sulphuric acids. 


of sodium hydrogen sulphate and alcohol in varying proportions 
were shaken for twenty-four hours and filtered. Table III (p. 657) 
shows the degree of conversion of the sulphuric add in the filtrate 
into ethyl hydrogen sulphate. 

The values in the fifth column lie far below those on the curve, 
and it appears, therefore, that the formation of ethyl hydrogen 
sulphate is a secondary reaction between alcohol and sulphuric 
add, the latter being produced as the result of a primary reaction 
between alcohol and hydrogen sulphate. It has not been found 
possible to ascertain the predse nature of this primary reaction. 

jExperimehts were performed in order to ascertain whether the 
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Table III. 


Sodium 


percentage of sulphuric 


Acid ex¬ 


acid. 


tracted. 

hydrogen 

Ethyl 


Esterifica- 

Theory = 

B^phatp. 

Grams. 

alpohpj. 

Grarps. 

By 4^rect 

titraiion. Total. 

tiop. 

Per cent. 

2-72 grams. 
Grams. 

10 

12 

1812 

18-31 

2-07 

2-69 

10 

12 

18-44 

18-73 

31Q 

2-77 

10 


12-90 

13-10 

3-06 

2-71 

io 

21 

10-99 

il-30 

6-48 

2-68 

10 

24 

9-70 

9-98 

5-61 

3-66 

10 

24 

9-74 

1004 

5-97 

2-68 


process of extraction of the acid is practically instantaneous or 
whether it takes some time. The results are shown in table IV, 
from which it will be seen that the extraction is rapid, but not 
instantaneous. Powdered sodium hydrogen sulphate was vigor¬ 
ously shaken with alcohol for the time shown in the third column. 
As the time of shaking increased, the mixture became more viscous. 
The actual time allowed for filtration is shown in the fourth 
column. The total quantity of acid extracted from the 5 grams 
of hydrogen sulphate was calculated from the acidity of the filtrate. 
The tests, although not of a high degree of accuracy, are sufficiently 
conclusive to give the desired information. 


Table IV. 


Estimation p/ the Rato of Extraction of Svlphuric Acid from 
Sodium Hydrogen Sulphate hy means of Alcohol. 


Sodium 
hydro¬ 
gen sul¬ 


Time dur¬ 
ing which 
the mix¬ 
ture was 

Time 
allowed 
for filtra¬ 

Weight of 

Percent¬ 
age of 
acid in 
filtrate. 

Weight of 
acid actu¬ 
ally re¬ 
covered. 
Grams. 

phate. 

Alcohol. 

shaken. 

tion. 

filtrate. 

Theory 

Theory 

Grams. 

Grams. 

Minutes. 

Minutes. 

Grams. 

8-8. 

1*36. 

6 

14-1 

1-0 

0-75 

6097 

6-07 

0-75 

6 

14-0 

2-0 

1-0 

2-925 

6-97 

1-05 

6 

14-0 

4-0 

2-0 

2-188 

8-02 

1-22 

5 

14-0 

8*0 

3-0 

1-981 

/8-27 

\8-39 

1-24 

1-28 


The maximum amount of extraction shown in this table amounts 
to 94*1 per cent, of that theoretically possible. From the last 
oplupan of table III, it will be seen that when the extraction is 
continued for twenty-four hours, the acid extracted from the sodium 
hydrogen i^ulphate agrees with that demanded by theory, assuming 
the quantitative conversion of the sodium hydrogen sulphate into 
the opjxnpound Na2S04,NaH804. Subsequent investigation showed 
that eEtractiopt lor two hours is more than sufficient to ensure the 
completion of this reaction. 

B 
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The Action of Alcoholic SvitphuiHc Acid on Fv/re^ Dry Sodmm 

Sulphate. 

Powdered sodium sulphate was mixed with more than twice itto 
weight of alcoholic sulphuric acid, shaken for seventy-two hours, 
and then filtered off. The acid in the filtrate was determined as in 
the alcoholic sulphuric acids. The salt was quickly removed from 
the filter, wrapped in clean paper, and extracted by means of ether 
in a Soxhlet apparatus until the runnings were neutral. During 
the shaking, all mixtures become more or less gelatinous. The 
time during which the extraction lasted is given in the second 
column of table V. The figure in brackets indicates the number 
of hours of that time during which the continuous extraction in 
the Soxhlet apparatus was proceeding. For the rest of th’e time 
the substance was lying immersed in the ether. The times only 
give an approximate idea of the time taken for extraction, as, 
owing to the difficulty of judging the end-point, it is probable that 
some samples were left exposed to the action of the ether longer 
than was absolutely necessary. The two results shown under 
Nos. 6 and 7 in table V illustrate the considerable length of time 
required in these oases to complete the reaction. 


Table V. 


Action of Alcoholic Svlphv/ric Add on Dry Sodmm Stdphate. 


No. 

Time 

extracted. 

Percent¬ 
age of 
acid in 
the alco¬ 
holic 
sulphuric 
acid. 

Percentage con¬ 
version into ethyl 
hydrogen sulphate 
of constituents. 

Acid. Alcohol. 

Acidity 
in residue 
as per¬ 
centage 
of sul¬ 
phuric 
acid. 

1 

days (20) 

919 

82-5 

3-9 

0-67 

2 

— 

20-41 

87-7 

10-6 

1-63 

3 

8i days (36) 

29-9 

83-7 

17*6 

6-88 

4 

9 days (41) 

40-6 

810 

26*2 

10*83 

5 

9 days (41) 

60-6 

72-6 

34-0 

12*49 

6 

11 days (53) 

70-2 

64-6 

60-4 

19*98 j 


18 days (102) 

70-2 

64-6 

60-4 

18-80 

7 

16 days (66) 

78-8 

41-0 

71-6 

27*69 i 


23 days (117) 

78-8 

41-0 

71-6 

18*69 j 


Notes. 


neutm 

washings. 

incomplete 

neutral 

washings. 


From these results it will be observed that sodium sulphate com¬ 
bines with sulphuric add presented to it as alcoholic sulphuric 
add. The amount of combination increases with the strength of 
the alcoholic sulphuric" add used, but is not directly propo(^onal 
to it. The Uble gives the redults after the sodiuin sulphate had 
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been leffe in contact with the alcoholic sulphuric acid for seventy- 
two hours with constant shaking. Owing to pressure of work, it 
was not possible to examine the influence of time on the action of 
alcoholic sulphuric acids on sodium sulphate.* 


The Action of Alcoholic Snlph'wric Add on Dry Sodmm Hydrogen 

Sulphate. 

Sodium hydrogen sulphate was mixed with about six times its 
weight of alcoholic sulphuric acid and shaken for twenty-four 
hours. The solid was then filtered off, wrapped in clean paper, and 
placed in a Soxhlet apparatus for extraction with dry ether. The 
acidity of the residue in the paper was estimated as soon as the 
runnings from the apparatus were neutral. The observed results 
are given in table VI. 


Table VI. 

Action of Alcoholic SvXphunc Acid on Dry Sodium Hydrogen 

Sulphate. 


Strength 
of alco¬ 
holic sul- As percentage of 

phxiric Percentage conver- sulphuric acid, 
acid as sion of constituents ^ ^ . ^ 


No. 

No. of 
hours ex- 
trewted. 

percentage 
of sul¬ 
phuric 
acid. 

into ethyl hydrogen Acidity in 
sulphate. filtrate 

/-^-> after 

Acid. Alcohol. shaking. 

Acidity of 
residue 

1 

13 

91 

82 5 

3-9 

13-5 

18-83 

2 

34 

21*6 

871 

11-3 

28-8 

18-64 

3 

38 

29-9 

83-7 

17-6 

32-9 

26-31 

4 

82 

40-6 

810 

26-2 

391 

27-69 

5 

38 

60-6 

72-6 

340 

50-1 

23-62 


? 

60-6 

72-6 

340 

50-1 

18-93 

6 

34 

60-6 

64-6 

44-5 

67-5 

33-60 


74 

60-6 

64*5 

44-5 

57 5 

18-63 

7 

50 

70-2 

64-6 

60-4 

67-8 

27-86 

8 

86 

78-8 

410 

71-5 

781 

23-63 


* It is necessary to exercise great care in testing the runnings with litmus 
paper as, when the acid is small in quantity, its presence is not indicated 
until all the ether has evaporated from the paper. 

In the oases of specimens treated with alcoholic sulphuric acids of the 
higher acid-contents, it was observed that the liquor in the flask of the 
Soxhlet apparatus separated into two layers. This was due to the presence 
of ethyl hydrogen sulphate. This substance was cdso found in washings in 
which no separation into layers had occurred. The solubility of ethyl 
hydrogen sulphate in ether is less than one per cent., and consequently, if 
there is much ethyl hydrogen sulphate present, it shows itself by causing the 
appearance of two layers in the flask. 

TSiese remarks ai^y also to the next section. 

B B* 2 
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From these figures it is evident thet alcofioUp sulphuric 8-44 
reacts with sodium hydrogen sulphate. It appears that alcphpJip 
sulphuric acids of which the strength is about 20 per pent, and 
lees extract acid from the hydrogen sulphate and leave a residue 
of the compound Na 2 S 04 ,NaHS 04 , whilst acids of 30 per cent, and 
more also react with the hydrogen sulphate and give another 
sulphate of sodium, which has previously been prepared by a 
different method, having the formula Na 2 S 04 , 2 NaHS 04 and an 
acidity of 26*65 per cent. The formation of this compound has 
not b^ definitely proved, but, if it is formed, it is decomposed by 
exhaustive extraction with ether, giving the compound 

Na^804,NaHS04. 

The mixtures of alcoholic sulphuric add and sodium hydrogen 
sulphate become gelatinous during the shaking, and, if the sub¬ 
stance in the Soxhlet apparatus is examined during the extraction, 
crystals of considerable size are found. These crystals seem to be 
formed in the bottle or during the extraction, for the hydrogen 
sulphate ^as always carefully powdered before exposing it to the 
action of the alcoholic sulphuric apid. The crystals probably 
consist of the compound Na 2 S 04 , 2 NaH 804 , as they are not observed 
when the product of the extraction is the compound 

Na2S04^NaH804. 

The extraction was fairly rapid at first, and the litmus with which 
the runnings were tested showed a bright pink coloration. After 
some time the extraction became very slow, and the ^dity towards 
litmus paper was obvious, but extremely weak (see footnote, 
p. 669). This will explain the various times shown in the table 
for extraction; for example, one sample, after actual extrac¬ 
tion for eighty-two hours and remaining in ether for the remainder 
of a fortnight when the extraction was not proceeding, showed an 
acidity of 27*7 per oenj;.. The remainder of the sample was then 
replaced and was extracted for twenty-four hours more, and when 
not under continuous extraction was left in the dry ether, the 
whole experiment lasting about three days. After this treatment 
tfie acidity waa 24*7 per cent. As a comparispp, it may be stated 
that the etbereal extraction of sodium hydrogen sulphate, after 
treatment with alcohol, takes only a few hours to complete. 

It will be observed that the acidity of the filtrates in cases 1, 2 , 
and 3 is greater than tfie original acidity of the alcoholic sulphuric 
add i iu ^1 pther caaps it is about same py a little less. 
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Di»ci}48ion of cettam PropeHies b/ the Intermediate Sulphate, 
Na 2 S 04 ,NaHS 04 . 

the t;cttiii)ound, Na 2 S 04 ,NaHS 04 , which Is so readily formed by 
the action of dry alcohol on dry soditim hydrogen sulphate, is 
dedlt with by Pascal and Ero (loc. cit.), although the Substance 
was prejiared by d different method froln that described ih this 
paper. In the course of the present work it has been necessary 
to study this compound in some detail, and the results do not 
confirm the observations of Pascal and Ero, who state that the 
intermediate sulphate decomposes at 174° with partial liquefaction. 
Specimens of the intermediate sulphate, Na 2 S 04 ,NaHS 04 , were pre¬ 
pared by extraction of sodium sulphate by alcohol, and the state- 
riieilt thdt the substance is unchanged in air was confirmed. ¥he 
acidity of the different samples ranged from 18*66 to 18*78 per 
cent. A weighed quantity of the substance was theh heated ih a 
platirium bdsin in an oil-oVen, and cooled and weighed at intervals. 
The tehiperature of the bath was raised about 4° or 5° at a timei 
tintil the temperature reached 215°. Tbe salt was kept in the 
bath for about half an hour at each temperature, and weighed 
after each heating. It showed no signs of melting, and its weight 
Was Constant. Over the whole period of a particular experiment, 
7*3038 grams of the substance lost 0*0254 gram. The acidity at 
the commencement of the experiment was 18*67 per cent., and the 
acidity after the prolonged heating was 18*74 per cent. This 
result has been frequently confirmed. The only difference in the 
Siibstanoe after heating was that the colour had changed to a pale 
grey. The salt as prepared is snow-white. Every attempt on the 
part of the authors to determine the melting point result-bd in 
failure. Even when heated to 260° the substance did not melt. 
It seemed possible that Pascal and Ero, having prepared their 
speciniens from solutions, might have determined the melting point 
of a subttanoe containing water, atid that the presehce of water 
would cause it to Uielt. A sample of the intermediate sulphate 
was prepared by the recrystallisation of nitre-cake (33 per cent, of 
sulphuric acid), and gave the following analysis: 


Acidity as . 

SO 4 determined ds BaS 04 . 

Kaj|jS 04 produced on fusion 

W^t ... 


I. 

IT. 

III. 


Calculated 
from I, assum¬ 


Pound. 

ing the salt 
dehydrated. 

Theory for the 

Per cent. 

dry salt. 

I8*45\ 
18 50/ 

19-28 

18-70 

70-68 

73-41 

73-29 

77-42 \ 
77-43 / 

80-63 

81-36 

3-96\ 



4-02/ 
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The salt obtained by reorystallisation contained a slight excess 
of acid above that required for the intermediate compound. On 
heating, water was given ojBP, but fusion did not take place. The 
authors are unable to account for the observations quoted in the 
paper mentioned (loc. cit). The substance, Na 2 S 04 ,NaHS 04 , 
decomposes before it melts, the residue after heating being fused 
sodium sulphate. 


The Action of Pure, Dry Alcohol on Mixtures of Pure, Dry Sodmm 
Sulphate and Pure, Dry Sodium Hydrogen Sulphate before 
and after Heating the Mixtures, 

The next series of experiments was carried out with the object 
of elucic'ating the composition of commercial nitre-cake. It is 
usually assumed that nitre-cake is a mixture of sodium hydrogen 
sulphate and sodium sulphate, but recently Pascal and Ero (loc, 
cit.) have stated that, at the ordinary temperature, it is a mixture 
of the intermediate sulphate, Na 2 S 04 ,NaHS 04 , and the hydrogen 
sulphate. Pascal and Ero’s statement is based on a study of the 
. melting points of mixtures of neutral sulphate and sulphuric add, 
and their conclusions are not therefore necessarily applicable to 
nitre-cake. It occurred to the authors that a study o( the action 
of alcohol on (1) mixtures of sodium sulphate and hydrogen 
sulphate, and (2) commercial nitre-cake, would probably throw 
light on the subject, and experiments were accordingly carried out 
on these lines. As a preliminary experiment, it was necessary to 
ascertain if there is any evolution of sulphuric add from such 
mixtures when heated to 215°, as the conclusions drawn depend on 
the assumption that, before extraction with alcohol, the total 
amount of add in the mixture is the same as the amount of addity 
in the mixture when weighed out for the experiment. Beeul^ 
show that mixtures of sodium sulphate and sodium hydrogen 
sulphate do not lose sulphuric add when heated to 215°. 

(а) Table VII. Nos. 1 to 7.—Dry sodium sulphate and dry 
sodium hydrogen sulphate were shaken with excess of alcohol for 
twenty-four hours. The solid was then filtered off and extracted 
with dry ether until the runnings were neutral. 

(б) Table VII. Nos. 8 to 13.—^In all these cases the salts were 
treated as above, except that, before the alcohol extraction, the 
mixed salts were heated in an oil-oven for four hours at 200—215°. 
In No. 13 the mixture was heated for six and a-half hours to see 
if the reaction became quantitative if given suffident time. The 
analyses indicate that ffie reaction was complete in the shorter 
time, namdy, four houra. 
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The values shown in column vii are found by calculation, assum¬ 
ing that all the sodium hydrogen sulphate is converted into the 
compound, Na 2804 ,NaHS 04 , and that as much sodium sulphate as 
possible combines with the sulphuric acid so Ulcerated, also forming 
the compound, Na 2 S 04 ,NaHS 04 . 

It will be seen that, in every case, the acidity of the residue is 
greater than it would be if the hydrogen sulphate only took part 
in the reaction (column iv), but lees than the value shown in 
column vii. Participation of the sodium sulphate in the reaction 
is indicated in every case, although (see column viii) its conversion 
into the,compound, Na 2 S 04 ,NaHS 04 , is never complete. 

Two explanations are possible of the part taken by the sodium 
sulphate in the reaction; 

( 1 ) That, in the presence of alcohol, some of the sulphate com¬ 
bines directly with the sodium hydrogen sulphate. No evidence 
in favour of this possibility has been found. 

(2) That the alcoholic sulphuric acid produced by the action of 
the alcohol on the sodium hydrogen sulphate reacts with a portion 
of the sulphate, forming the compound, Na 2 S 04 ,NaHS 04 . 

Sulphuric acid acts on sodium sulphate in the presence of water, 
and it seemed not unlikely that it might act on sodium sulphate 
in the presence of alcohol. This point was thoroughly investigated, 
and the results obtained (p. 658) show conclusively that (a) 
anhydrous sodium sulphate is acted on by alcoholic sulphuric acid 
at the ordinary temperature, and (h) that the amount of inter¬ 
action increases with the strength of alcoholic sulphuric acid 
employed. 

In the second series of analyses, obtained in experiments in 
which the substances under consideration were heated, it will be 
seen that the heating of the two salts in contact results in a very 
considerable formation of the compound, Na^S 04 ,NaHS 04 , as 
indicated by the increased acidity of the residue after extraction 
(see table VII, columns v to viii, and compare Nos. 8 to 13 with 
Nos. 1 to 7). The mixtures (except No. 13) were heated for four 
hours at 200—215®. Prolonged heating does not increase the 
yield of intermediate sulphate. Considering the difficulties of 
complete admixture and the fact that the mixtures never com¬ 
pletely fused, the results lead one to expect a still higher con¬ 
version to the compound under ideal conditions. It appears that 
if the ratio Na 2 S 04 :NaH 804 is greater than unity, the degree of 
conversion to the double compound is greater than when the ratio 
NaHSO^ ;Na 5804 is greater than unity. 



Action of FttrCy Dry Alcohol on Mixtures of Sodium Sulykate and Sodium Hydrogen Sulphate 



13NaHS04. 
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Comtit'wtion of Nitre-cake, 

The results given in table VII provide condusive evidence regard¬ 
ing the constitution of nitre-cake. It will be noticed from experi¬ 
ments Nos. 14, 15, and 16 that: 

(a) When the original acidity of the cake is more than 18*7 per 
cent., extraction with dry alcohol reduces it to 18*7 per cent., 
indicating a complete conversion of the sodium hydrogen sulphate 
present in the cake into the compound, Na 2 S 04 ,NaHS 04 . 

(5) When the original acidity of the cake is about 18*7 per 
cent., treatment with dry alcohol leaves it unaltered. 

(c) When the original acidity of the cake is lees than 18*7 per 
cent., treatment with dry alcohol again leaves it unaltered. 

Experiments 1 to 6 having shown that when mixtures of sodium 
sulphate and sodium hydrogen sulphate are extracted with alcohol 
the sodium sulphate is never completely converted into the com¬ 
pound, Na 2 S 04 ,NaHS 04 , it follows from the above results that 
nitre-cakes of 18*7 per cent, acidity and more contain no sodium 
sulphate at all. Cakes of more than 18*7 per cent, acidity consist 
of a mixture of sodium hydrogen sulphate and the compound, 
Na 2 S 04 ,NaHS 04 , and cakes of less than 18-7 per cent, acidity com¬ 
prise a mixture of sodium sulphate and the compound, 

Na 2 S 04 ,NaHS 04 , 

containing no hydrogen sulphate at all, for, if hydrogen sulphate 
were present, extraction with alcohol would reduce the acidity. 
Finally, a cake of 18*7 per cent, acidity consists of the com¬ 
pound, Na 2 S 04 ,NaHS 04 , and contains neither sulphate nor 
hydrogen sulphate. 

The molecular proportions of a nitre-cake of known acidity may 
be calculated from one of the two formulae given below: 

(a) If the acidity of the nitre-cake is 18-7 per cent, sulphuric 
149^ 

acid or less, - 49 oo"rf 2 yy’ic==the molecular propor¬ 
tion of sodium sulphate, (l-ir)=the molecular proportion of the 
compound, Na 2 S 04 ,NaHS 04 , in the cake, and ?/=it 8 acidity as 
percentage of sulphuric acid. 

(h) If the acidity is 18*7 per cent, of sulphuric acid, or more, 

. 4900-120 y ^ 

but not exceeding 40*83 per cent., a?«—where a?=the 

molecular proportion of the compound, Na 2804 ,NaHS 04 , (l-,r) = 
the molecular proportion of sodium hydrogen sulphate in the nitre- 
cake, and y—its acidity ae percentage of sulphuric acid* 
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Summary and Conclusions, 

(1) Dry alcohol acta on dry sodium hydrogen sulphate, with the 
formation of the intermediate sulphate, Na 2 S 04 ,NaHS 04 , and the 
liberation of sulphuric acid, which dissolves in the alcohol, and is 
subsequently converted partly into ethyl hydrogen sulphate. Pro¬ 
longed action of alcohol does not extract any further quantity of 
the acid. 

(2) Methyl, n-butyl, and amyl alcohols also react with sodium 
hydrogen sulphate, with the formation of the same intermediate 
sulphate. 

(3) Dry ethyl alcohol does not decompose dry potassium hydrogen 
sulphate. 

(4) Moist alcohol will completely decompose sodium hydrogen 
sulphate, giving first the intermediate sulphate, Na 2 S 04 ,NaHS 04 , 
and finally normal sodiutn sulphate. Sodium sulphate is sparingly 
soluble in moist alcohol. 

(6) Alcoholic sulphuric acid reacts with sodium sulphate in the 
cold (18®), with the formation of an acid sulphate. The amount 
of the interaction increases with the strength of the alcoholic 
sulphuric acid employed. 

(6) When alcoholic sulphuric acid acts on sodium hydrogen 
sulphate, the intermediate sulphate, Na 2 S 04 ,NaHS 04 , is formed if 
the strength of the alcoholic sulphuric acid corresponds with 20 per 
cent, or leas. When the alcoholic sulphuric acid has a strength 
corresponding with 30 per cent, of sulphuric acid or more, the com¬ 
pound, NaoS 04 , 2 NaHS 04 , is probably produced; if so, this com¬ 
pound is slowly decomposed by constant extraction with pure, dry 
ether, and finally yields the compound, Na 2 S 04 ,NaHS 04 . 

(7) The compound, Na 2 S 04 ,NaHS 04 , is formed when dry sodium 
sulphate is heated with dry sodium hydrogen sulphate. 

(8) Nitre-cake consists of the compound Na 2 S 04 ,NaHS 04 , alone 
or mixed with either sodium hydrc^en sulphate or sodium sulphate, 
according as the acidity is equal to, greater than, or less than 18*7 
per cent, of sulphuric acid. 

The Indian Munitions Board has kindly given permission for the 
publication of this paper. 

The CHBMICU.L Laboratory, 

CoRDiTB Factory, 

Aruvaitkai>tt, S. India. [Beceivad, December 30(A, 1919.] 
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LXX .—Orientation of the Nitro- and Arylazo- 
glyoxalines. Fission of the Glyoxalone Nucleus. 

By Robert George Fargheb, 


In tile course of a recent ooimnunication (T., 1919, 116, 217), the 
author, in conjunction with Prof. F. L. P 3 nnan, showed that the 
nitro-group, on entering the glyoxaline nucleus, takes up the 4- or 
5-position.* Subsequent reduction with tin and hydrochloric acid, 
undertaken with the object of examining the corresponding amino- 
glyoxalines and determining directly the orientation of the nitro- 
group, led to fission of the nucleus, two of the three nitrogen atoms 
appearing in the form of ammonia. It was suggested that the 
first stage of the disintegration was probably the elimination of the 
amino-group as ammonia with formation of a glyoxalone, certain 
members of the purine group—also derivatives of 4-amino- 
glyoxaline—having been shown to undergo hydrolysis in this 
manner (compare Tafel and Meyer, Ber., 1908, 41, 2540; Biltz, 
Ber.y 1910, 43, 1589). It was therefore of interest to investigate 
the reduction in more detail with the objects (1) of determining 
directly the orientation of the nitro-group, (2) of establishing the 
transformation into the glyoxalone, and (3) of studying the fission 
of the simple glyoxalone nucleus under the influence of acids. The 
earlier experiments had shown that the products of complete reduc¬ 
tion, apart from ammonium chloride, the predominant constituent; 
were very uninviting in appearance. Consequently, treatment in 
cold hydrochloric acid solution with just sufficient stannous chloride 
to reduce the nitro-group was employed, with success. Nitro- 
glyoxaline; in addition to ammonia, yielded glycine, as did also 
nitro-2-methylglyoxalin©, whilst nitro-5-methylglyoxaline yielded 
a-alanine. This clearly demonstrates that the nitroglyoxalines are 
correctly formulated as 4-nitro-d©rivative8, that the reduction is 
followed by hydrolysis of the 4-Aminoglyoxaline (II), with the 


(I) 


8®’^^>ch 


NHj-C-N 

(II.) 



(IV.) 


* In glyoxalines oontaittteg ii free iiniiio-group the 4- and S-pontione an 
equivalent. 
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formation of the 4-glyoxalone (III), and that one fission qf the 
4-glyoxalone nucleus takes place between the 1:2- and o: 4- 
poftitions. This fission recalls the isolation of sarcosine, 
NHMe-CHg-CO^H, 

by Bosengarten and Strecker (ATwidlen, 1871, 157, 1) as a product 
of hydrolysis of caffeine by baryta. 

The reduction of nitro-2-methylglyoxaline gave evidence of a 


second mode of fission, as a-amino-a-iminpethane (VI) was isolated. 



NHg 

NH 


>C-CH3 


NHg 

NH, 


>c:nh 


(V.) 


(VI.) 


(VII.) 


Fission therefore takes place between the 1:5- and 3:4-positions 
(V), presumably with simultaneous formation of glycollie acid, and 
reveals the probable mechanism of the formation of guanidine 
(VII) in the reduction of 2-benzeneazoglyoxaline. 

What is practically the reverse process was accomplished by 
Finger (.7. pr. Ghent,^ 1907, [ii], 76, 93), who condensed a-imino- 
a-ethoxyethane with the ethyl ester of glycine, and obtained 
2-methyl-4-glyoxalone. 

In neither of these reductions was the aminoglyoxaline obtained. 
Consequently, the isolation of a small and variable proportion of 
4:’ai7viTio-b'methj/lglifoa'aJine (VIII) from the reduction of 4-nitro- 
5-methylglyoxaline was both unexpected and important, and per¬ 
mitted comparison of a simple 4-aminogly ox aline with the 2-amino- 
glypraline isolated in the earlier work {Joe. cit.^ pp. 223, 246). It 
was already evident, that they evinced a considerable difference in 
stab^ity, and the dissipiilarity extends to most of the other proper¬ 
ties. Whilst 2-aminoglyoxaline (IX) is a monacidic base, which 
does npt yield a benzylidene derivative, does not react with sodium* 
j3-naphthoxide after treatment with nitrous acid,* and, in brief, 
behaves in many of its reactions as if it existed in the tautomeric 
forpi (X), 4-amino-5-methylglyoxaline reacts as a true aromatic 
amine, forming a diht/drochloride and a crystalline benzylidene 
derivative, apd coupling readily with sodiuin-iS-naphthoxide after 
treatment with nitrous acid. 


(VIU.) 


CH NH. „ „„ 


CH-NH, 

CH-NH'' 

(X.) 


>c:nh 


In the previous communication it was also shown that the aryl- 
azoglyoxalines were true (7-azo-, and not iY-azo-, compounds, as had 


* I am indebted to Prof. Pyman, who has, since the appearance of our 
joint eommunioation, made a further study of the 2-aminoglyoxalines, for 
thi 9 oorreotiQn (oompace toe. cit, p. 248). 
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bee-n suggested by Rung and Behrend {Armahti^f 1892, 271, 28) 
and Burian (Ber., 1904, 37, 696). Whilst, however, in the case 
of the 2-arylazoglyoxaline6 this was established by a study of their 
reduction products, proof of the constitution of the 4-arylazo- 
derivatives was mainly indirect. On complete reduction, they 
behaved like the nitroglyoxalines, the ring undergoing fission, 
whilst their general properties were antagonistic to the supposition 
that they were 1-arylazo-derivatives. 

As the results now obtained with the nitroglyoxalines indicated 
the course the reaction might be expected to take, it was evident 
that the formation of glyoxalone derivatives in the reduction of 
the 4-arylazoglyoxaline8 would definitely determine the orientation 
of the arylazo-group. 

The reduction of ^-bromobenzeneazo-2-methylglyoxaline and 
4-benzeueazo-5-methylglyoxaline was therefore undertaken under 
the same conditions as had been sutcessful in the case of the nitro¬ 
glyoxalines. The former, which, previously, had yielded only 
p-bromoaniline and ammonia as isolable reduction products, readily 
gave a glyoxalone, for which there were two possible formulse 
(XI, XII). 



> 


CO-NF 


>CMe 


NH, CO.NH 


Br 


(XI.) 


(XII.) 


The formation of a hentylidene derivative similar to that 
obtained from 2-amino-4-p-aminophenylglyoxaline Aows the second 
of these to be correct. The failure, therefore, of the compound 
to give more than a faint yellow colour with sodium-jS-naphthoxide 
after treatment with nitrous acid is interesting. The comparative 
stability towards hydrochloric acid serves to confirm the constitu¬ 
tion, as an earlier stage in the formation of glyco<^amidine (XV) 
and alaoreatinine from 2-benzeneazoglyoxaline (XIII) and 
2-b€nzeneazo-5-methylglyoxaline respectively, by reduction with 
zinc and acetic acid, is no doubt represented by 2-amino-4-anilino- 
glyoxaline (XIV) and 2-amino-4-anilino-5-methylglyoxaline, which 
then undergo hydrolysis and rearrangement. 


(XIII.) 




(XIV.) 




- (xy.) 

Practioally the whole the xeductioD product appeered in thA 
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form of an insoluble stannichloride, probably that of f>-arnino- 
4r{2'-omino-b'-broirnophenyl)-2-m6thylglyoxaline (XVI), aw, after 


NHj-C-NH 
^ 1 >“• 
0°-" 


NHj-C-NH. 


NH. 



NHo 


(XVI.) 


(xvn.) 


conversion into the hydrochloride, roughly molecular proportions 
of ammonium chloride and the glyoxalone were obtained on frac¬ 
tionation. It is therefore permissible to assume that the constitu¬ 
tion of the reduction product of bromobenzeneazo- 2 -phenyl- 
glyoxaline {loc, cit,, p. 258) is con*ectly represented as 5-amin<h 
4i-{2^-<imina-h^-br(mophenyl)-2-pheriylglyoxalirie (XVII), the pro¬ 
duct evincing a greater stability towards acids than the correspond¬ 
ing 2 -methyl derivative. The further study of the reduction of 
4-benzeneazo-5-methylglyoxaline was of interest, as two products 
of undetermined constitution had already been isolated, a base 
C 9 HioON 2 , from the reduction with tin and hydrochloric acid (loc. 
cit., p. 254), and a base, Ci^H^iONg, from the reduction with zinc 
and acetic swnd (loc. cit.j p. 255). The reduction with cold 
stannous chloride has now yielded, in addition to the base, 
C 9 H 10 ON 2 , a third compound, Ci^HuONg, not identical with the 
product of the zinc reduction. It gave a dihydrochloride^ a 
hemylidene derivative, and, after treatment with nitrous acid, 
coupled with sodium-)3-naphthoxide, and is therefore 2 -p-amino- 
phenyl-^-methyl-4i~glyoxalone (XVIII). 


(XVIII.) 


(XIX.) 


The base from the zinc reduction was monacidic, did not couple, 
and did not react with benzaldehyde, and is therefore 2~amlino-b- 
methyl-i-glyoxcdone (XIX). It is of interest to record that the 
reactions which have been examined so far indicate that the zinc 
and acetic acid reduction favours the semidine change, whilst the 
stannous chloride reduction favours the benzidine change. It does 
not follow, however, that the reaction proceeds entirely in the one 
direction, as, for example, a small proportion of 2-5'-bromo-2'- 
aminoanilinoglyoxaline (loc. cit., p. 246) is produced in the reduc¬ 
tion of 2 *p-br 0 tmobenzeneazoglyoxaline, whilst the guanidine formed 
in the reduction of 2 -benzeneazoglyoxaline conceivably originates 
from 2^ainino>4-anilinoglyoxaline through the interm^iate form¬ 
ation of glycocyamidina This is of intereet in view of the close 
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relationship of creatine (XXI) to creatinine (XX) and the suggee 
tion that the former is the precursor of methylguanidine (XXII) 







(XX.) 


(XXL) 


NHMe 

(!):nh 

NH, 

(XXII.) 


in tile organism (Adielis, Zeitsch. physiol. Chem.^ 1906, 60, 10). 

Neither of the modes of fission established in the simple glyoxal- 
one nucleus accounts for the formation of the base, C 9 HioPN 2 > from 
either 2-^-aminophenyl-5-m6thyl-4-glyoxaJone or 2--apilino-5- 
methyl-4-glyQX£^lQue, pue of which probably represents an earlier 
stage in its formation. It is difficult to avoid the supposition that 
fission ensu^ between the 4:5- and 2:3-positions, the rei^ptipn 
being conditioned by the presence of the p-aminophenyl or apilino- 
grouping in the 2-ppsition. The small amount of these substances 
available has rendered it impossible, so far, to examine their hydro¬ 
lytic products in detail, but it is worth notipg that in the former 
c^e the properties of the base necessitate the assumption of sub¬ 
sequent ring-formation involving the p-amino-group, whilst, in the 
latter, a cyclic derivative of carbamide (XXIII) is one of tho 
ppasible products. 


(XXIII.) 


NHPh-CO*NH-CHMe-NH-CO-NpPh 

(XXIV.) 


Attempts to synthesise this by the condensation of acetal or 
acetaldehyde with phenyl carbamide led, however, solely to ethyU 
idenebisphenylcarhamide (XXIV). 


Experimental. 

Beduction of ^~Nitroglyoxali/ive. Formation of Glycine and 

Ammonia. 

To 33 grams of nitroglyoxaline, dissolved in 100 c.c. of concen¬ 
trated hydrochloric acid, 175 c.c. of stannous chloride solution* 
were gradually added, the temperature being maintained below 5^ 
and the mixture stirred mechanically for some time after the 
addition was complete. The crystalline stannichloride was 
collected, and the filtrate concentrated, when it deposited a further 
quantity, the total yield being about 49 grams. 

On recrystallisation from 10 per cent, hydrochloric acrijd, it was 

♦ The stannous chiorid© solution used throu^rhout the investigation was 
prepared by mixing 40 grams of stannous chloride with sufficient hydros 
chloric acid to form 100 c.c. of solution. 
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obtained in large, octahedral masses, which, after removal of tin, 
gave solely ammonium chloride (Found: Cl — 66 * 1 ; NHji=Sl* 6 . 
Calc.: Cl = 66*3; NHj^Sl-S; in the stannichloride, NH 3 = 9 * 1 , 
9‘2. Calc.: NH 3 — 9-3 per cent.). The residual liquor was 
evaporated to remove excess of acid, freed from tin, again evapor¬ 
ated under diminished pressure, and extracted with alcohol, which 
left undissolved 6*3 grams of ammonium chloride. The syrupy 
alcoholic extract, on solution in water and addition of picric acid, 
yielded only traces of an insoluble picrate, 60 grams of nitro- 
glyoxaline giving 0*5 gram in a pure condition. This separated 
from water in well-defined needles, which darkened rapidly above 
200® and melted at 234® (corr.), and gave analytical figures in fair 
agreement with aTninoglyocx:aline dipicrate, but the amount was 
too small to permit of its further examination (Found: C = 32‘8; 
H-2-6; N-.22-8. C 3 H,N 3 , 2 Ce,H 307 N 3 (541*2) requires C = 33*3; 

H = 2*l; N=r23'3 per cent.). The residual solution was recon¬ 
verted into the hydrochloride, evaporated to dryness in a vacuum, 
dissolved in alcohol, and submitted to fractionation. There first, 
deposited a further 1*0 gram of ammonium chloride, then (a) 5*2 
grams melting at about 174®, (5) 3*1 grams melting at about 156®, 
and (c) 2*8 grams melting between 130® and 140®. Further crops 
were obtained! more readily from the mother liquor after the addi¬ 
tion of alcoholic hydrogen chloride, and these melted between 130® 
and 140®. Crops {a) and (5) were united and crystallised from 
rather less than their own weight of water, when, on keeping, there 
separated 4 grams of large, flattened prisms melting at 189® (corr.), 
sintering some degrees earlier. This substance proved to be the 
sesquihydrochloride of glycine (Found: C = 25*5; H = 6 *l; 
N-14*9; 01 = 19*1. (CoH 562 N)o,HCl requires C = 25*7; H = 5*9; 
N=15*0; Cl = 19*0 per cent.). The mother liquor, on further con¬ 
centration, deposited a mixture of this hydrochloride and the 
normal hydrochloride of glycine, from which the latter was 
obtained on crystallisation in presence of excess of hydrochloric 
acid. It separated as a serrated mass of somewhat hygroscopic, 
flattened prisms, which melted at 182® (corr.), sintering above 150® 
(Found: C = 21*7; H=:5*7; N = 12*7; Cl = 31*2. C^HAN^Cl 
requires C = 21*5; H, = 5*4; N = 12*6; Cl = 31*8 per cent.). Crop 
(c), and subsequent crops melting at about the same temperature, 
were mixed and recrystalliscd from alcohol, when a mass of fine, 
silky needles, melting at 145® (corr.) and showing no depression 
when mixed with a synthetic specimen of glycine ethyl ester hydro¬ 
chloride, was obtained (Found: C = 34*5; H = 7‘4; N = 10‘0; 
Cl = 25*0. C 4 H» 02 N,HC 1 requires C = 34*4; H=7*2; N = 100; 
Cl«25^4 per cent.). 
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The identity was further established by the isolation of glycine 
from all three hydrochlorides, the glycine melting at 247® (corr.) 
and showing no depression of melting point when mixed with a 
synthetic specimen (Found: C = 31*8; H = 6*9; N = 18*6. C2H5O2N 
requires C —32*0; H = 6‘7; N = 18‘7 per cent,). 

The ultimate alcoholic residues, which were very dark in colour, 
gave no further crystalline material. 

Reduction of 4:-Nitro-2-rnethylgh/oxaline. Formation of Glycine^ 
a-Amino~a-iminoethane, and Ammorda, 

The reduction of 12*7 grams of nitro-2-methylgly ox aline was 
carried out as in the previous instance. There were first obtained 
7*6 grams of ammonium stannichloride. The more soluble stanni- 
chlorides were converted into hydrochlorides in the customary 
manner, the solution evaporated to dryness under diminished 
pressure, and extracted with alcohol, leaving 3*5 grams of praotio- 
ally pure ammonium chloride. The alcoholic extract was concen¬ 
trated to a syrup, dissolved in 50 c.c. of water, and treated with 
a boiling solution of 13 grams of picric acid in 260 c.c. of water, 
when 7-7 grams of a crude picrate were obtained. This, on re- 
crystallisation from water, separated in glistening, orange prisms 
sintering from 245® and melting at 252® (corr.). The yield 
amounted to 3*6 grams. 2*8 Grams of this picrate were converted 
into the hydrochloride, excess of hydrochloric acid being avoided. 
The resulting aqueous solution was evaporated to dryness under 
diminished pressure, below 50®, leaving a solid residue, which was 
dissolved in a little alcohol and kept. There gradually separated 
long, colourless, prismatic needles, which melted at 174® (corr.), 
and proved to be the hydrochloride of a-'amino-a-iminoethane (VI, 
p. 669). Pinner {Ber,, 1884, 17 , 178; '^Die Iminoather,^^ p. 107) 
gives the melting point as 165® or 166—167® (Found: 0 = 25*7; 
H = 7*5; N = 29*l; 01 = 36*5. 0.H«N2,H01 requires 0 = 26*4; 

H = 7*5; N=29‘6; 01 = 37*5 per cek). 

The melting point of the picrate is given by Dieckmann (J5er., 
1892, 26 , 547) as 247® (Found: 0 = 33*8; H= 3*31^= 23*9. 
02HgN2,0flHg07N3 requires 0 = 33*4; H = 3*2; N = 24*4 per cent.). 

The identity of the base was further established by the pre¬ 
paration of the aurichloride. This salt crystallises from water in 
fem-shaped clusters of golden-yellow needles, which melt at 266® 
and are anhydrous. 

Pound: Au^=49*2. 

O 2 H 0 N 2 ,HOl,AuOl 3 {^98*1) requires Au = 49*6 per cent* 

The platiuichloride, previoi;urijr described by Ptnueri separate# 
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from water in small, orange, flattened prisms or in large, red, 
flattened prisms, according to the rate of crystallisation. Like the 
aurichloride, it is anhydrous. It melts at 242® (corr.) (Found: 
Pt=37-0. (C2H,N,,)o,2HCl,PtCl4 requires Pt-37-1 per cent.). 

The residual liquor from the separation of the a-amino-a-imino- 
ethane picrate was regenerated into the hydrochloride and 
evaporated to dryness, leaving a dark syrup. As this showed no 
tendency to crystallise, it was dissolved in absolute alcohol contain¬ 
ing hydrogen chloride, warmed for a short time on the water-bath, 
and concentrated, when, on keeping, glycine ethyl ester hydro¬ 
chloride gradually separated, and was identified by comparison 
with the synthetic product and by analysis (Found: N = 10*0; 
01 = 25*1. C 4 H‘ 90 . 2 N,HC 1 requires N = 10*0; 01 = 25*4 per cent.). 

The residue from the glycine ester hydrochloride yielded no 
further crystalline material. A small quantity of a non-nitro- 
genous ester was isolated, but the amount was too small to attempt 
its purification and identification. 

Ji edit cfion of Nit ro^b - m> et hylglyoToline . Formation of a-A Ian ine, 
4i-Amino-b~methylglyoa:aIine, and Ammonia. 

The reduction of 11 grams of 4-nitro-5-methylgly ox aline was 
carried out as in the previous instances, yielding 7*5 grams of 
ammonium stannichloride and 1*4 grams of ammonium chloride. 
The syrupy, alcoholic extract was dissolved in 25 c.c. of water and 
treated with a boiling solution of 8 grams of picric acid in 200 c.c. 
of water, when there quickly separated 4 grams of fine needles 
contaminated with oily matter. On keeping averniglit, a further 
2 grams separated, mainly picric acid, and the mother liquor 
deposited picric acid only on concentration. The two crops were 
crystallised from alcohol, from which there separated clusters of 
long, old-gold needles, which blackened rapidly above 180® and 
melted and decomposed at 195® (corr.). 

The picrate was converted into the hydrochloride, excess of acid 
being avoided. The solution, on evaporation in a vacuum at as 
low a temperature as possible, left a syrup, which became crystal¬ 
line on mixing with a few drops of alcohol. The hydrochloride 
separates from alcohol in minute, colourless prisms, which melt at 
189® (corr.) and are anhydrous. The crystallisation should be 
conducted as quickly as possible, as the alcoholic solution 
decompoeee on keeping. 

Pound: C*28-2; H = 5-6; N = 24*2; Cl = 41-0. 

C4H7N8,2HC1 /170*0) requires C = 28-2; H = 5*3; N-=24*7; 

01=41*7 per cent. 



676 fabohidb: oribktatiok of thIb 

The solution of the hydrochloride reduces ammoniacal silver 
nitrate strongly on warming. It gives, with sodium nitroprusside 
on addition of sodium hydroxide, a brown colour; with sodium 
diazobenzene-p-sulphonate in sodium carbonate solution, a bright 
yellow colour; on treatment with nitrous acid and addition to 
sodium-^naphthoxide, a deep reddish-brown solution; with ferric 
chloride, no colour; with Fehling’s solution, reduction on warm¬ 
ing; with potassium permanganate in cold acid solution, instant 
reduction; with gold chloride, a brown precipitate which dissolves 
on warming, reduction taking place. 

The properties and composition indicate that the substance is 
correctly formulated as ^-amin(>^-methylgl^oxali7he (VIII, p. 669). 

The picrate is sparingly soluble in water, but more readily so in 
alcohol, from which it separates in old-gold needles, which darken 
rapidly above 180° and melt at 195° (corr.). 

Found: N = 25‘3. 

C 4 H 7 N 3 ,C(}TIg 07 N 3 (326‘2) requires N = 25*8 per cent. 

The henzylidene derivative was prepared by treating 0*23 gram 
of the hydrochloride in 5 c.c. of water with 0*4 gram of sodium 
acetate and 0 2 c.c. of benzaldehyde. On shaking vigorously, a 
solid product gradually formed. This was collected and washed 
with water and ether, in which it is sparingly soluble. It disr- 
solves readily in alcohol, but less so in ethyl acetate, from which it 
separates in clusters of well-defined needles, which are anhydrous 
and melt and decompose at 217° (corr.), gradually darkening in 
colour above 190°, 

Found: N = 22*9. 

CijHiiNg (185-2) requires N = 22*7 per cent. 

The residual liquor from the separation of the 4-amino-5-methyl- 
glyoxaline picrate was reconverted into the hydrochloride and 
evaporated to dryness, when it left about 3 grams of a semi-solid 
mass, which yielded only ammonium chloride (I’O gram) on crystal¬ 
lisation from water or alcohol. It was dissolved in water there¬ 
fore, chlorine determined in an aliquot portion, and the hydro¬ 
chloric acid in the remainder removed by the addition of the 
calculated quantity of freshly precipitated silver carbonate. The 
resulting solution was evaporated to a syrup, mixed with a little 
alcohol, and kept, when a-alanine gradually separated. This 
melted, without reorystallisation, at 287° (corr.), a synthetic speci¬ 
men melting at the same temperature in the same bath, and the 
mixture of the two showing no depression. The identity was 
further confirmed by its reactions, analysis, and formation of the 
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copper salt (Found: C = 40*l; H = 8-l; N = 15'4. 
requires C = 40*4; H = 7*9; N = 15‘7 per cent.). 

Streoker (^Atmalefi, 1850, 76, 36) found that the air-dried copper 
salt retained one naolecule of water of crystallisation. More 
recently, Zelinsky and Stadnikoff (Ber,^ 1908, 41, 2062) failed to 
confirm this, and described a salt with three molecules of water of 
crystallisation. Both the acid obtained above and a synthetic 
specimen of undoubted purity yielded a copper salt with only one 
molecule of water of crystallisation (Found: Cu == 24*7. 
(C3Hg02N)2Cu,H20 requires Cu = 24-7 per cent.), and the salt did 
not gain appreciably in weight on keeping for several days in an 
atmosphere saturated with moisture. 

Reduction of A-'^-Broniohenzeneazo-l-metli}jlglyoxalvne . 

13*2 Grams of bromobenzeneazo-2-methylglyoxaline were tri¬ 
turated with 120 c.c. of cold hydrochloric acid and gradually 
treated with 72 c.c. of stannous chloride solution, the trituration 
being continued and the temperature maintained below 10°. The 
insoluble stannichloride which gradually formed was collected, and 
the residual liquor freed from tin and evaporated, leaving only 
0*3 gram of residue, in which ammonia and p-bromoaniline were 
identified. The insoluble stannichloride was dissolved in water, 
‘freed from tin, and the resulting solution evaporated to low 
bulk, when, on keeping, a quantity of minute needles separated. 
These dissolved readily in water, but more sparingly in 10 per cent, 
hydrochloric acid, from which they were obtained in clusters of 
glistening, elongated, rhombic prisms melting at 273° (corr.). 

Found: C-38 9, 39*6; IT-3 9, 3*9; N-13-65. 

0-2031 gave 0*2178 AgCl-f AgBr, 0*2208 being required. 
CioHj^o<^NsBr,IlCl (304*55) requires C-39-4; H-3-65; N-13*8 

per cent. 

The corresponding hcu^e is precipitated as a mass of minute, 
colourless needles on treating the concentrated aqueous solution 
of the hydrochloride with a molecular proportion of sodium hydr¬ 
oxide. It decomposes in warm aqueous solution or on exposure 
to the air. Dried at 60° in a vacuum, it appears to retain a 
molecule of water of crystallisation. 

Found: C = 42*l, 42-3; IT-44, 4*5; N-14-2; Br = 27*8. 
C\t>HioON8Br,H20 (286*1) requires C = 41*95; H-4-2; N-14*7; 

Br = 27-9 per cent. 

The soluticm of the base gives no coloration with sodium diazo- 
benzene-p-sulphonat© in sodium carbonate solution. After treat¬ 
ment with nitrous acid in acid solution, a pale yellow colour 
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develops on addition to sodium-i3-naphthoxide. An anunoniaoal 
solution of silver nitrate is reduced in the cold. With Fehling's 
solution, a bluish-green precipitate is formed, which becomes dark 
green on wanning. With sodium nitroprusside in presence of 
sodium hydroxide, a reddish-brown colour develops, which changes 
to green on acidification with acetic acid, and is discharged by 
excess of the reagent. The aqueous solution reduces cold aqueous 
add permanganate. The base reacts with benzaldehyde, with 
formation of a hemylidene derivative, which was not obtained in 
a or 3 ^talline condition. The properties and composition of the base 
point, therefore, to its being 
b-glyoxalone (XII, p. 670). 

The picrate^ separates from water in glistening, orange plates 
which, when dried in the air, melt at 157® (corr.), sintering slightly 
above 140®. It appears to contain two molecules of water of 
crystallisation, one of which is lost on drying at 60® in a vacuum. 

Found: in air-dried material, N= 15*65; loss at 60® in a 
vacuum = 3*4. In dried material, N = 16*2. 
CjoHiQON 3 Br,CgH 307 N 3 , 2 H 20 requires N = 15*8. For loss of IH 2 O, 
H 20 = 3*4 per cent. 

CioHioON 8 Br,C 3 H 307 N 3 ,H 20 (515*1) requires N — 16-3 per cent. 

After the separation of most of the above hydrochloride, 
ammonium chloride began to deposit, and a careftil fractionation 
of the mixture revealed that the two products were present in 
approximately molecular proportions. 


Beduction of ^-Benzeneazo-b-methylglyoxalmt. 

3*7 Grams were triturated with 20 c.c. of hydrochloric add and 
treated, as in the previous experiment, with 12 0 . 0 . of stannous 
chloride solution. The insoluble stannichloridee amounted to 
6*8 grams of moist material. Tin was removed, and the resulting 
solution evaporated under diminished pressure to low bulk, when 
the hydrochloride of the base, CgHioONg {loc. city p. 264), 
separated, about 1*8 grams bdng obtained. The mother liquors 
eventually deposited ammonium chloride, and, on suitable treat¬ 
ment, yielded a small amount of aniline. The more soluble stanni- 
chlorides, when treated similarly, yielded a second hydrochtoride, 
which separated as a matted mass of minute needles, readily soluble 
in water but sparingly so in alcohol. After recrystallisation from 
10 per cent, hydrochloric acid, it darkened, but did not melti At 
300®. About 1*2 jframs were isolated. 
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Found: 0=46*2; H = 5-4; N = 15*8; 01 = 26*6. 

OioHiiON 8,2H01 (262*1) requires 0 = 45*8; H = 5*0; N = 16 0; 

01 = 27*0 per cent. 

The solution of the hydrochloride was strongly add to litmus. 
After treatment with nitrous add, it gave a deep red coloration 
with sodium-i8-naphthoxide. It gave no coloration with sodium 
diazobenzene-^?-8ulphonate in sodium carbonate solution. With 
sodium nitroprusside in presence of sodium hydroxide, a pale brown 
colour developed, which changed to green on acidification with 
acetic add, and was discharged by excess of the reagent. Potassium 
permanganate in cold add solution, and ammoniacal silver nitrate, 
were both reduced in the cold. The properties and composition of 
the compound indicate that it is correctly represented as 2>p-ami/^o- 
phenyUb-methyl-A:-glyoxalone (XVIII, p. 671). 

The henzylidene derivative was prepared by treating 0*4 gram 
of the hydrochloride, dissolved in 8 c.c. of water, with 0*45 gram 
of sodium acetate and 0*4 gram of benzaldehyde. The oily, yellow 
product, which became crystalline on stirring, was collected and 
washed with water and with ether, leaving 0*4 gram of material. 
This decomposed on boiling with water, and dissolved only sparingly 
in alcohol and ethyl acetate. It was dried at 60^ in a vacuum for 
analysis, and then melted at 156® (corr.), softening above 153°. 
The figures obtained indicated that it was the acetate of the mono- 
hemyUdene derivative. 

Found: C = 680; H = 5*5; N = 12*7. 

Ci 7 Hi 50N8,C2H402 (337*3) requires C = 67*6; H = 5*7; N = 12*5 

per cent. 

The mother liquors from the separation of the hydrochloride 
yielded small quantities of ammonia and aniline on suitable treat- 
ment. 


Condensation of Acetaldehyde tvith Phenylca/i'hamtde, 

This condensation has been carried out using various conditions. 
For example, the phenylcarbamide was added slowly, with stirring, 
to a large excess of freshly distilled aldehyde, or was suspended in 
alcohol and mixed with aldehyde or acetal in various proportions. 
In every case the same product was obtained—two molecules of 
the phenylcarbamide uniting with one of the aldehyde to form 
ethylidmd>isphenylc(jtrhamide. This substance is practically in¬ 
soluble in water, ether, ethyl acetate, or benzene, and very 
sparingly soluble in alcohol, from which it separatee as a felted 
luass of silky needlee melting at 220° (oorr.). 
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Found: C = 64-4; H = 6*4; N = 18*8, 18-9. 

Ci6Hig02N4 (298*3) requires C==64-4; H = 6*2; N = 18*8 per cent. 

Attempts to obtain partial hydrolysis and subsequent ring closure 
were unsuccessful. 

Wbllcohh Chemical Research Laboratories, 

London, E.C.l. [Received, May 5th, 1920.] 


LXXL —The Behaviour of Optically Active Esters 
on Hydrolysis. 

By Alex. McKenzie and Henr,y Wren. 

The first attempt made by one of us to effe^ an as3miinetrio 
synthesis (T., 1904, 85, 1249) involved the use of Z-menthol as the 
activating agent, and was based on the following lines: 
CoHs-CO-CO^H C(jH5-CO-C02-CioHio 

CeH5-CH(6H)-C02-CioHia C^ILr,-CB{OIiyCO^Il. 
The failure to realise the synthesis desired was due in this case, 
as was shown later, to the racemising influence of the alcoholic 
alkali used in the hydrolysis of the mixture of unequal quantities 
of the menthyl mandelates. 

In the light of recent research (T., 1919, 116, 602), it was likely 
that the diastereoisomeric ^-menthyl mandelates would be 
catalytioally raoemised during their hydrolysis, and this point 
was therefore now examined experimentally. The ^-menthyl 
Z-mandelate used had [aj^ —137*9^ in ethyl-alcoholic solution. Of 
the two active complexes in this ester, the menthyl group under¬ 
goes with alkali no optical inversion, whereas inversion does occur 
with, the mandelic group. Accordingly, on hydrolysing the ester 
with an insufficiency of alcoholic alkali, and then separating the 
non-hydrolysed ester, the latter was no longer homogeneous, and 
the value for [a]jj had fallen to —105°. A similar examination of 
the isomeric Z-menthyl <Z-mandelate gave an interesting result, 
inasmuch as the catalytic racemisation of this ester led to the 
production of a solid having a higher activity than that of the 
original ester; owing to the partial inversion of the cZ-mandelio 
group, the value for [a]jj in ethyl-alcoholic solution rose fronn 
— 9'3° in the homogeneous ester to — 51*9° in the mixture obtained 
by the catalytic racemisation. The observation made previously 
that, when either Z-menthyl ^-mandelAte or /-menthyl /-mandelate 
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is hydrolysed by an exoees of alcoholic alkali, the mandelic add 
isolated is invariably largely racemised, is now shown to be attended 
by the catalytic racemisation of the esters during their hydrolysis. 
The Z-bornyl mandelatee have also been investigated from the same 
point of view (see experimental part). 

The asymmetric synthesis of Z-atrolactinic add (T., 1904, 85, 
1249) was successfully accomplished in accordance with the follow¬ 
ing scheme: 


OgHg-CO-COjH 




0,a,-00-CO,-CioH,, 
OH 






OcH, 

CH, 




COjH* 


From the mixture of unequal quantities of the diastereoisomeric 
menthyl atrolactinates, a mixture of unequal quantities of the 
enantioetereoisomeric atrolactinic adds with [a]p — 9*5° in ethyl- 
alcoholic solution was obtained after the complete elimination of 
the menthol. The ^Z-add was also asymmetrically synthesised (T., 
1906, 89, 365), using pyruvic add as the starting point: 


0H,-C0-00aH OHj-OO-COj-CioHi, 




CH. 


-'OH 


2C,oH„ 




Subsequent research has suggested that the success of those 
syntheses was due to the stability of the atrolactinic complex 
during the hydrolysis of the menthyl esters, since the labile 
hydrogen atom in mandelic add is absent in atrolactinic add, the 
stable methyl group being present instead, with the result that 
deemotropic change does not occur (T., 1915, 107, 702). The 
direct proof, however, that this is the correct interpretation was 
lacking, and it is now submitted in the present paper. Z-Menthyl 
Z-atrolactinate was accordingly prepared, and found to melt at 
55*5 —500 and to have [o]iJ —102*7° in chloroform solution. After 
hydrolysis by an excess of alcoholic alkali, it gave practically pure 
Z-atrolactinic add. Again, when the ester was hydrolysed with 
half the quantity of alcoholic alkali requisite for complete hydro¬ 
lysis, the non-hydrolysed ester gave a vadue for [a]p which was not 
far short of that for the pure ester. Further, the fractional hydro¬ 
lysis of Z-menthyl cZZ-atrolactinate was examined in the expectation 
that the oonfusing results which have been obtained in other cases 
with esters containing mobile hydrogen atoms would not be 
Encountered in this case. This expectation was realised. On 
partial hydrolysis, a tevorotatory add was obtained from the alkali 
salts, an iitdioatio|i that Z-menthyl Z-otrolaotinate is hydrolysed 
' 0 0 
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more quickly than i» ^mBiithyl ^?-at;*olactiuai^ The uou-hydro- 
lysed eater should, therefore, contaiu an exoees of the J-atro* 
lactinate, which, on hydrolysis, should give a dex;trorotatory acid, 
aud this was borne out by experiment. 

An exsmiination of the hydrolysis of esters of the optically a-ctive 
otJiydrqxy-iS-phenylpropionic acids was also included in the scope 
of the present investigation. We had previously shown (T., 1910, 
97, 1355) that those adds can be interconverted, thus: 


d- 0 .Hfi-CH 2 -CH( 0 H)*C 02 H —> (by PCy {-C^Hj-G^a-OHOl-COaH 

i 

(by CaOOj and water) (by CaOOj and water) 

d-OeH^-CH^-CHCbCOaH (by PCI,) Z-0eH^-CH2-CH(0H)-C02H. 


The ease with which the pure hydroxy-aoid could be prepared from 
its enantiostereoisomeride was very striking in this case, and it 
waa apparent that the racemisation phenomena which accompanied 
on so many occasions the Walden inversions investigated by one 
of us and his co-workers were much less pronounced than usual. 
It is, indeed, somewhat remarkable that in the study of the 
Walden inversion, racemisation occurs so frequently when the dis¬ 
placement is effected with compounds containing a phenyl group 
in direct attachment to the asymmetric carbon atom. Now, 
a-hydroxy-p-phenylpropionic acid has the phenyl group separated 
from the asymmetric atom by a methylene group, and to this 
circumstance may be ascribed the behaviour of this acid, to which 
reference has just been made. 

The type of racemisation with which one has to deal in con¬ 
nexion with reactions involving displacement of groups, whether 
accompanied with configurational change or not, is obviously 
different from the type when an optically active ester is hydrolysed 
with an excess of alcoholic alkali. An illustration of this differ¬ 
ence is afforded with compounds containing a tertiary asymmetric 
atom (T., 1910, 97, 1016). Complete racemisation occurs when 
the chlorine in ^a-chloro-o-phenylpropionic acid is removed by the 
action of water, 





COjH’ 


whilst a partly raoemised atrolaotiniq acid is formed by the action 
of water and silver oxide, 






r- and h 


0.5.' 

ga, 
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Similarly, by the action of nitrous acid on ^o-alnino^a-ph6nyl- 
propionio acid (T., 1912, 101, 390), the resulting atrolactinic acid 
is quit© inactive, 




an. 


-OH 




On the on© hand, thee© examples show clearly that th© absence 
of a mobile hydrogen atom in th© orposition with respect to th© 
carboxyl group does not prevent racemisation coming into play 
during th© interchange of groups provided that on© of th© groups 
attached to th© asymmetric atom is th© phenyl group. On th© 
other hand, when the behaviour of an ester, such as /-menthyl 
Z-atrolactinate, towards alcoholic alkali is considered, it is now 
proved that the active atrolactinic acid can be recovered practically 
unracemised. 

Th© study of the hydrolysis of eaters of optically active 
a-hydroxy-jS-phenylpropionic acid was accordingly made. Ethyl 
^-a-hydroxy-iS'phenylpropionate, C 6 H 5 *CH 2 *CIl( 0 H)-C 02 Et, for 
instance, has a hydrogen atom associated with a hydroxyl group 
in th© a-position relatively to th© cai'bethoxy-group, and in this 
respect it resembles ethyl ^-mandelate, the behaviour of which on 
hydrolysis has been carefully investigated. On the other hand, it 
dilBFers from ethyl /-rnandelat© in not having its phenyl group 
attached to the asymmetric atom. 

The action of an excess of alkali on ^/-a-hydroxy-j8-phenyl- 
propiouic acid was accordingly examined, when it was found that 
th© recovered acid was non-racemised (table I), a behaviour 
different from that of /-inandelic acid (T., 1919, 116, 602). Ethyl 
^’a-hydroxy-j3-phenylpropionat© was then hydrolysed with an excess 
of alkali, the results being recorded in table II, from which it will 
be seen that in each experiment th© recovered acid was practically 
optically pure. Moreover, there was practically no catalytic 
racemisation on the partial hydrolysis of the same ester with 
alooholic alkali, the non-hydrolysed ester having [a]j, -28 0® in 
carbon disulphide solution, whereas th© value for the pure ester is 
[a]u—28*8^. ^Menthyl d^-arhydroxy-)3-phenylpropionate was also 
prepared and examined from th© same point of view, in order to 
contrast it with ^menthyl cf-mandelate. 

Th© difference between th© behaviour of the esters of Z-mandelic 
acid and ^a-hydroxy-^jS-phenylpropionio acid on hydrolysis is accord- 
ingly pronounced. So far as racemisation comes into play in th© 
hydrolysis of an optically active ester by alcoholic alkali, it is now 
clear that, although, oompounds of the type R*CH( 0 H)*C 02 R'^ pre¬ 
sent a system prone to racemisation in virtue of the mobile 

.0 0 2 
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hydrogen atom being in the cfr-position, this oiroumstanoe is not in 
itself a factor in promoting raoemisation unless R is an aromatic 
residue in direct attachment to the asymmetric atom. In the 
event of R being an aliphatic group, it may be argued that this 
system would probably be stable, so far as racemisation by alkali 
is concemed, and there is a certain amount of experimental evidence 
in favour of this. For example, although it had not been found 
possible to effect the asymmetric synthesis of mandelic acid on the 
lines outlined at the start of this paper, a positive result was reached 
when the phenyl group was displaced by a methyl one, inasmuch 
as the asymmetric synthesis of Mactic add could be accomplished 
by the agency of Z-menthol (T., 1906, 87, 1373), using pyruvic acid 
as the starting point, 

CHj-CO-COsH CHs-CO-COg-CioHig 

CHs-CH(OH)-CO2-CioHi0 CH8-CH(0H)-C02H. 

A similar result was obtained by the use of Z-bomeol (T., 1906, 
89, 688), whilst cZ-lactic add was asymmetrically synthesised by 
means of d-amyl alcohol (T., 1909, 95, 644). The influence of the 
phenyl group as compared with the methyl group is thus shown 
clearly, inasmuch as the diastereoisomerio Z-menthyl lactates are 
much more stable towards the racemiaing influence a>f alcoholic 
alkali than are the diastereoisomerio Z>menthyl mandelates, since 
from a mixture of Z«menthyl ^dactate and Z~menthyl Z-lactate con* 
taining a preponderance of one of them, it was possible to obtain 
an optically active lactic add when the ester mixture was com¬ 
pletely hydrolysed. 

i3-Hydroxy-)8-phenylpropionic acid and tropic add are isomeric 
with atrolaotinio add and a*hydroxy-)3-phenylpropionio add. The 
methyl ester of <f-i8-hydroxy-i3-phenylpropionio add, 
CeH5-CH(0H)-CH2-C02H, 

gives the optically pure cZ-add on hydrolysis with alcoholic 
potassium hydroxide (T., 1913, 103, 112), and it will be noted that 
the hydrogen atom assodated with the hydroxy-group is in this 
case in the jS-position, a system which should be stable so far as 
racemisation of its esters on hydrolysis is concerned, even although 
A phenyl group is attached to the asymmetric atom. On the other 
hand, the reverse is the case with tropic add, 
CeH6-CH(CH2*0H)-C02H, 

where we have a system whiA might be expected to behave like 
mandelic add; Gadamer’s experiments on the racemisation of ethyl 
<Z-tropate on hydrolysis (•/. pr, Vhem,^ 1913, [ii], 87, 312) b^ this 

out* 
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The behaviour on hydrolysis of the optically active esters of the 
various isomeric “ phenyl-lactic ” acids, namely, 

^h;>®<oo,H' o.h.-oh,-oh<oh)-oo,h, 

C.H,.0a(0H)-0H,.00,H. ■ 

has thus been examined fairly completely. 


Experimental. 

Catalytic Racemisation of the Diastereoisomeric \~Menthyl 
Mandelates. 

The f-menthyl f-mandelate used had Md— 137*9^ in ethyl- 
alcoholic solution. Ten o.c. of the solution of sodium in ethyl 
alcohol employed for its partial hydrolysis required 14*3 c.c. of 
O'lOliV’-sulphuric acid for neutralisation, and of this solution, 
83 O.C. were added to a solution of the ester (7*2 grams) in 100 c.c. 
of ethyl alcohol. After twenty-two hours at the ordinary tempera¬ 
ture, 130 c.c. of ethyl alcohol were removed from the neutral liquid 
by distillation, and 1*1 grams of sodium salt separated on cooling. 
The acid obtained from this was a mixture of r- and Z-mandelic 
acids with [a]p —53° in ethyl-alcoholic solution, the pure Z-acid 
having [ajj, about —152° in the same solvent. After the removal 
of the sodium salt, the filtrate was evaporated, and the menthol 
separated from the residue by distillation in a current of steam. 
The residual solid ester (2*7 grams) gave [a]^—105° (r = l'6) in 
ethyl-alcoholic solution. The solution of sodium salt from which 
the ester had been separated was then acidified, and the resulting 
mandelic acid gave [a]i, —81*9° in ethyl-alcoholic solution. 

An examination of the isomeric Z-menthyl cZ-mandelate with 
[®]d — 9*3° in ethyl-alcoholic solution was next made. Six grams 
were dissolved in 96 o.c. of ethyl-alcoholic potassium hydroxide 
(0*1077iV'), the amount calculated for complete hydrolysis being 
192*1 0.0. Thereafter, the liquid was kept for two days at the 
ordinary temperature, the ethyl alcohol was removed from the 
neutral solution, and water was then added. The mixture of the 
non-hydrolysed ester and the menthol was then extracted with 
ether, whilst the mandelic acid was obtained from the aqueous 
residue in the customary manner. The fact that the recovered 
acid had [a]^ -f-91*2° in aqueous solution indicated the presence 
in it of a considerable quantity of the racemic acid. From the 
ethereal extract containing the non-hydrolysed ester and menthol, 
the ether wks removed^ and the oil distilled in a current of steam 
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lo beparate the menthol. The recovered solid ester, which was 
quite free from uncombined menthol, gave [a]^ -51*9°' (c =4^171) 
in ethyl-alcoholic solution. 


Catalytic 'Ra^errmaticm^ of the Diastereoisonfieric l-Bornyl 
Mandelates, 

The Z-bornyl ?-mandelate used had [ajj, —86*0® in ethyl-alcoholic 
solution (T., 1907, 91, 789). Nineteen c.o. of an ethyl-alcoholic 
solution of potassium hydroxide (0*6532i\^) were added to a solu¬ 
tion of 7*06 grams of the ester in 100 c.c. of ethyl alcohol. The 
solution was treated as already described for the menthyl 
c?-mandelate. The recovered mandelic acid had [o]^ —106*2° in 
aqueous solution, whereas the optically pure acid has a value about 
50° higher than this. As was expected, the rotation of the 
recovered ester was less laevorotatory than that of the homogeneous 
ester, the value obtained being [a]jy -58*0° in ethyl-alcoholic 
solution. 

When a similar experiment was carried out with ^-bornyl 
<^^mandelate, the non-hydrolysed ester had a dextrorotation less 
than that of the original ester, which had [a]p -f 23*0° in ethyl- 
alcoholic solution. The ester (10*3 grams) was dissolved in 146 c.c, 
of ethyl alcohol, and 28 c.c. of ethyl-alcoholic potassium hydroxide 
(0*6532iV') were added. The recovered mandelic acid had [a]j, 
+ 105*5° in aqueous solution, whereas the non-hydrolysed ester had 
[a]j, -f-15*3° in ethyl-alcoholic solution. 

We are indebted to Miss Tsobel Agnes Smith for carrying out 
these experiments with the bornyl mandelates. 


Jffydrolysis of \-Menthyl \-A trolactmate. 

Z-Atrolactinic acid (T., 1910, 97, 1016) was esterified by heating 
on a boiliilg-water bath for fifteen hours with ^-menthol and a 
small quantity of concentrated sulphuric acid. The crude solid 
ester was finally crystallised from light petroleum at the tempera¬ 
ture of a freezing mixture of ice and salt. 

VMenthyl hatrolactinate, U , separates from 

light petroleum in colourless, silky needles, and melts at 55-6—66°. 
It is readily soluble in this solvent at the ordinary temperature, 
and it is also readily soluble in the common organic solvente: 

0*1200 gave 0*3300 CO^ and 0*0997 HgO. C«76-0; 

CigHggOg r^uires C=i74*9; H«9*8 per cent. 
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Its specific rotation was determined in the following solvents: 

(a) Acetone: 

1 = 2, c=VdS2, a;;«-2-96® [a]‘J,®-74-7°. 

(b) Ethyl alcohol: 

1 = 2, c-1-2741, al?-2-30°, [a]!? --90-3®. 

(c) Chloroform: 

1 = 2, c=l*4215, ay-.2-920, [a]y-.102*70. 

Complete Hydrolysis with Alcoholic Alkali .—The ester (1*6 
grams) was dissolved in 40 c.c. of ethyTalcoholic potassium hydr¬ 
oxide (0-202A’), the amount calculated for complete hydrolysis 
being 26 c.c. After four days at the ordinary temperature, the 
acid was isolated, and its rotation when determined in ethyl- 
alcoholic solution showed that no racemisation had occurred during 
the hydrolysis. The value was [a]j,-37*2o (c = l*398). The 
optically pure acid has [a]^ — 37*7o. 

Partial Hydrolysis ivith Alcoholic Alkali .—The ester (1*9 grams) 
was dissolved in 16 c.c. of ethyl-alcoholic potassium hydroxide 
(0*193iV^), the quantity calculated for complete hydrolysis being 
32*4 c.c. After twenty-four hours at the ordinary temperature, the 
treatment was similar to that adopted in the experiment with 
/-menthyl ^/-mandelate. The residual ester was not appreciably 
hydrolysed during the prolonged distillation in a current of steam 
when the menthol was being removed. 

The recovered ester gave [a]j, -99-8^ (c = 1*988) in chloroform 
solution. 

The recovered acid melted at 114*5—116° (the pure 7-acid melts 
at 116—117°); its rotation in ethyl-alcoholic solution gave [a]p 
-36*1° (c = l*733). 

The optical activity is impaired during the distillation of 
Z-menthyl /-atrolactinatc under diminished pressure. After being 
distilled twice (b. p. 187*5—188*5^/11 mm.), it readily solidified, 
and then melted indefinitely at 41—51°, whilst its rotation in 
chloroform solution gave a low value, namely, [aj^ —91*6°. This 
product was accordingly hydrolysed with an excess of ethyl- 
alcoholic potassium hydroxide, and the acid, which was isolated in 
the usual manner, had appeared probable that 

the ester had utidergone partial racemisation under the influence of 
heat. 


Fractional Hydrolysis of \~Menthyl dVAirolactinate. 

\-Menthyl AVatrolactinaie, prepared by the esterification of 
anhydrous r-atrol^tinip luad by heating with menthol and a small 
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quantity of concentrated sulphuric acid on a boiling-water bath 
for twenty-five hours, is a colourless oil which boils at 194—194*6^/ 
11 mm.: 

0 1329 gave 0*3663 COg and 01119 HgO. C = 76*2; Hr=9-4. 

CigH2803 requires C=74*9; H = 9*3 per cent. 

The following determinations of its specific rotation were made: 

(а) Carbon disulphide: 

1=2, c = 2‘408, < -2-69^^, [a]?,-65*9o. 

(б) Benzene: 

Z=:2, c = 2*1225, aS-2*71o [a]}J-63*8o, 

(c) Acetone: 

Z=:2, c= 2-039, oi}-2*70^, [a]],' -66*2o 

(d) Chloroform: 

Z=2, c=2*014, 4' -2*80<>, [a]}J-69*5®. 

(e) Ethyl alcohol: 

1 = 2, c = 2*3955, a]?-3*45^, [a]iJ-72-0®. 

A solution of the ester (2 grams) in 20 c.c. of ethyl-alcoholic 
potassium hydroxide (0*93iV') was boiled for one hour, the amount 
of alkali requisite for the complete hydrolysis being 7-1 c.c. The 
acid isolated was optically inactive. 

The fractional hydrolysis was conducted with 4 grams of the 
ester to which 7*1 c.c. of ethyl-alcoholic potassium hydroxide 
(0*93iV') were added, this being half of the amount necessary for 
complete hydrolysis. Boiling of the solution was maintained for 
two hours. The acid obtained from the potassium salt after 
separation from menthol and menthyl esters amounted to 0*8759 
gram, and it had Md— 1*7° in ethyl-alcoholic solution. The 
hydrolysis of the residual menthyl esters was then completed with 
16 o.c. of ethyl-alcoholic alkali (0-93ir). The resulting acid 
(0*8394 gram) was dextrorotatory, having [a]p*f2*3° in ethyl- 
alcoholic solution. 


Action of Potmmim Hydrosdde on A-CL^Hydroxy-^phcnyU 
yropionic Add, 

d^-Hydroxy-iS-phenylpropionic acid (T., 1910, 97, 1366) was 
treated under various conditions with an excess of potassium hydr¬ 
oxide dissolved in water or in ethyl alcohol. The solution was 
then neutralised, water added, and the ethyl alcohol expelled* The 
recovered acid was examined polarimetrically in e&yl-alcoholiO 
solution, The pure.rf-arfd h^ fajp +18*6° (loc. dt.). 
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Table I. 


O'83 Gram of acid was taken in each, experiment. In order to 
neutralise this, 6'4 o.c. of alkali (O'SSiT) are required. 


AlkaU (0 03*7). 
60 o.c. aqueous. 
>> 

60 o.c. alcoholic. 

ft 


Conditions. 

16 days at ord. temp. 
20 hours at 70®. 

16 days at ord. temp. 
20 hoiu's at 70®. 


[ajo of recovered acid. 
+ 18-3® (c = 3-24) 
18-3® (c = 3*44) 
18-0® (c = 3-14) 
18*2® (c = 3*49) 


Hydrolysis of Ethyl X-a-Hydroxy-^'phenyl'propionait, 

The Z-acid was converted into its ethyl ester, which, after crystal¬ 
lisation from light petroleum (b. p. 60—80^), gave the value [a]}?'® 
— 23*1° in benzene solution, whereas the value previously quoted 
is [a]jj —22*6° (T., 1911, 99, 1922). A somewhat higher value is 
obtained when carbon disulphide is used as the solvent: 

Z=2, c=2*306, a\« -1*33°, [a]}?-28*8°. 

Complete Hydrolysis, —The results obtained by hydrolysing the 
ester with a slight excess of aqueous or alcoholic alkali are expressed 
in the following table. 


Table II. 


Ester. 


Alkali 

required. 

[tt],> of recovered 

Grams. 

Alkali. 

c.c. 

Conditions. 

acid. 

10247 

6-2 c.c. €K;[ueous 
(0*93iV). 

6*7 

3 hours at 70®. 

-17*9® (c = 4*04) 

08696 

10 0 . 0 . alcoholic 
(0-93JV). 

4*8 

1 day at ord. temp. 

11 

o 

O 

cib 

0*8696 

10 c.c. alcoholic 
(093AZ). 

4*8 

2i hours at 70°. 

17*9® (c = 2*28) 

0*9967 

47 c.c. alcoholic 
(OllOSAi^), 

46*4 

3 hours at 70° 

17*9° (c = 3*86) 


Pwriial Hydrolysis with Alcoholic Alkcdi. —The ester (4 grams) 
was dissolved in 94 o.c. of ethybalooholio potassium hydroxide 
(0*1105A), the quantity required for complete hydrolysis being 
187 0.0* 

The solution was divided into 4>wo equal parts: (a) Kept at the 
ordinary temperature for twenty-four hours, at the end of which 
time the solution was neutral. The alcohol was removed by 
evaporation, water added, and the non-hydrolysed ester extracted 
with ether. The aqueous solution was then acidified, and the 
hydroxy-acid extra^^t^ with ether. The recovered eeter gave the 
value [a]jj for 3*889 in carbon disulphide solution, whilst 

O 0*“ 
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the recovered acid gave [o]d —17*8*^ for c=3*262 in ethyl-alcoholic 
solution. 

(&) Heated at 70°' for five hours. The recovered ester had 
[a ]]3 -28*3° for c = 2*226 in carbon disulphide solution, whilst the 
recovered acid had [o]^—18*2° for c = 8'777 in ethyl-alcoholic 
solution. 

Hydrolysis of l-Menthyl A-OrHydroxy-^fi-pheriylpropionate, 

«?-a-Hydroxy“i5-phenylpropionic acid was esterified by beating 
with i-menthol for seven hours at 120—130° in an intermittent 
current of hydrogen chloride. The resulting ester was separated 
from acid and menthol, and purified by crystallisation from light 
petroleum (b. p. 40—60°). 

VMenthyl d - a-A ydrox y-$-ph enylpropionate^ 

b«H 5 -bH 2 -CH(OH)-C 02 -CioH,g, 

separates from light petroleum (with which it readily forms super¬ 
saturated solutions) in matted aggregates of silky needles; it is 
readily soluble in the hot and sparingly so in the cold solvent. It 
is also readily soluble in the common organic solvents. It melts 
at 63—63*5°: 

0*1114 gave 0*3070 CO 2 and 0*0923 HgO. C=:75*2; H^9*3. 

CigHggOg requires C = 74*9; H = 9*3 per cent. 

The specific rotation was determined in various solvents: 

(a) Benzene: 

Z = 2, c = l*4005, aK-0*76° [a]?,-27*1° 

(i>) Chloroform: 

? = 2, c=2*697, o};‘^-l*99° [a]\f-36*9°. 

(c) Acetone: 

^=2, c = 0*871, aj3-0*86° [a]i,-49*4"^. 

The ester ( 1*1 grams) was dissolved in 40 0 . 0 . of ethyl-alcoholic 
potassium hydroxide (0*1105iV), the amount calculated for com¬ 
plete hydrolysis being 33 c.o. After eight hours at 70°, the acid 
was isolated. It melted at 121—123*5°, whereas the pure ^acid 
melts at 1^4—125°. That very slight racemisation ha^ occurred 
during the hydrolysis is indicated by the somewhat low value for 
the specific rotation in ethyl-alcoholic solution, namely, [a]p 4 -17*0° 
(c-= 2 * 686 ). 

UmvisastTy Dotubb, 

XJNjvBBsiry or St. Anpbews. 

Municipal Technical Institute, 

Belfast. 


[Beceivedt May Ul, 1920.} 
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LXXn. — The Use of a^-Dichlorovinyl Ethyl Ether 
for the Production of Chloroacetates and Acid 
Chlorides. 

By Holland Crompton and Paule Laure Vanderstichele. 

Thb production of ethyl ohloroacetate, and eventually of chloro* 
acetic acdd, by the action of water on ajS-dichlorovinyl ethyl ether 
has been the subject of a large number of patents. By using dry 
hydrogen chloride in place of water, chloroacetyl chloride is 
obtained (D.R.-P. 222194), and Imbert found (D.R.-P. 212592) 
that dichlorovinyl ethyl ether and ethyl alcohol react, with the 
production of ethyl chloroacetate and ethyl chloride: 

CHCi:CCl-OEt+ Eton ^CH^Cl-COaEt-f EtCl. 

He also states that methyl ohloroacetate is formed if methyl 
alcohol is used in place of ethyl alcohol. 

We find that oj3-dichlorovinyl ethyl ether enters into a large 
number of reactions of the above type. It is attacked, and usually 
with gi:eat readiness, when heated with alcohols, phenols, or acids. 
Action is of two kinds: 

^ CH2Cl-C02R + EtCl (1) 

CHOi:CCI-OEt + ROH 

CIIjCl*CO,Et + ROI (2) 

and it seems likely that an additive compound, 
CH2Cl-CCl(OEt)-OIl, 

is first formed, which decomposes into the products (1) and (2). 
Our experience is that alcohols give the products of both reactions, 
but that (1) predominates, except in the case of methyl alcohol. 
Phenols give the products of (1) only, and usually in excellent 
yield. Acids react mainly in accordance with (2), the products 
being ethyl chloroacetate and an acid chloride. The yields are 
variable, but it would appear that reactions of the above type 
could be used in certain cases for the production of chloroacetates 
or acid chlorides. 

To prepare ajS-dichlorovinyl ethyl ether, sodium is dissolved in 
dry alcohol in sufficient quantity to form a saturated solution of 
sodium ethoxide. Trichloroethylene is then added in the propor¬ 
tion of one molecule of trichloroethylene to one and a-hall atoms 
of sodium. Heat is applied until action commences, when further 
heating is unnecessary. The product, when cold, is mixed with 
a large volume of distilled water, and the oil which separates is 
washed, dried with calcium chloride, and rectified. The main 

0 0 * 2 
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portion distils at 122—126°, and this is nearly pure diohlorovinyl 
ethyl ether. The yield is about 70 per cent, of the theoretical. 

For the action on alcohols or phenols, the substance was employed 
in as dry a state as possible and mixed with the ether in equi¬ 
valent quantity. Heat was applied to start the reaction, but 
further heating was often unnecessary, except towards the end of 
the process. In other cases, however, heat had to be applied 
throughout to maintain the reaction. The products were separated 
by fractional distillation, or, where possible, by crystallisation. 
The ohloroacetate of the alcohol or phenol radicle was finally 
identified by analysis. Ethyl chloroacetate was recognised by 
heating the appropriate fraction with aniline, thus forming the 
characteristic ester of phenylglydne. 

The results with methyl alcohol were not in accordance with 
Imbert's statement. Ethyl chloroacetate was the main product 
and methyl chloroacetate was only produced in relatively small 
quantity. Ethyl alcohol gave the expected excellent yield of ethyl 
chloroacetate. woAmyl, heptyl, allyl, and menthyl alcohols were 
each found to yield the ohloroacetate of the alcohol radicle, but 
ethyl chloroacetate was also formed in these casiss. With glycerol 
and mannitol, no uniform product could be obtained. 

All the phenols examined gave good yields of the aryl chloro¬ 
acetate, but in no case was ethyl chloroacetate detected. The 
compounds dealt with were phenol, o-cresol, guaiacol, o- and 
jS-naphthol, resorcinol, and quinol. The two latter compounds 
gave the bischloroacetates. ^-Naphthyl chloroacetate^ C 12 H 9 O 2 CI, 
which has not been previously described, crystallises in small, 
colourless leaflets melting at 95°. It dissolves readily in hot 
alcohol, and is much less soluble in the cold. 

The monobasic adds, the behaviour of which with diohlorovinyl 
ethyl ether was examined, were acetic, chloroaoetic, phenylaoetic, 
benzoic, anisic, and a-naphthoic. In most cases action occurred 
readily on heating, but it was necessary to apply heat continuously 
throughout the process. Some hydrogen chloride was evolved in 
each case, but ethyl chloride was only observed in the case of 
anisic add and of naphthoic acid. Ethyl chloroacetate was always 
present as the chief product of the reaction. The add chloride 
formed at the same time was isolated in a pure state in the reac¬ 
tions with acetic, chloroacetic, and benzoic adds. In the other 
cases, the add chloride was not obtained pure, but its presence 
was indicated by the immediate production of the oorreeponding 
amide on treating the appropriate fraction with ammonia. 

Two dicarboxylic adds, oxalic and sucdnic, were also dealt with. 
Ethyl chloroacetate was formed in quantity in ea^ case, but the 
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add chloride was not obtained, sucdnic acid being almost entirely 
converted into succinic anhydride. This may be explained by the 
reaction taking place in stages, the monochloride of the acid being 
first formed. The monoohloride of oxalic acid, as Staudinger has 
pointed out {Ber., 1908, 41, 3558), is extraordinarily unstable and 
decomposes at once into hydrogen chloride, carbon monoxide, and 
carbon dioxide. The monochloride of succdnic acid would naturally 
pass into succinic anhydride. 

Bedford College, 

Bbobnt's Park, N.W. 1. [ Rtceived , March 9 th , 1920.] 


LXXIII .—Electrolysis of Hydrogen Bromide in Liquid 
Sulphur Dioxide. 

By Lancelot Salisbury Bagster and George Cooling. 

The work to be described in this paper was suggested by some 
results previously published by Bagster and Steele {Trans. Faraday 
Soc.y 1912, 8 , 51), who found that, although dry solutions of 
hydrogen bromide in liquid sulphur dioxide were practically non¬ 
conducting, the addition of water, which itself in solution is also 
non-conducting, allowed current to flow freely, hydrogen being 
discharged at the cathode and bromine at the anode, whilst water 
was carried from anode to cathode and deposited there. The 
conclusion drawn was that combination between the two solutes 
preceded conduction, and comparison with the similar behaviour 
of organic compounds led to the suggestion that the water and 
hydrogen bromide united to form an oxonium compound which 
was electrolytic in character. 

The present work was undertaken in order to examine the 
nature of this phenomenon carefully, and in particular to obtain 
quantitative information regarding the products formed during 
electrolysis and regarding the compound from which the product 
are derived. As an alternative explanation to that already 
offered, it may be suggested that a simple hydrate type of com¬ 
pound is formed analogous to CuS 04 , 5 H 20 , and that the deposition 
of water at the cathode is brought about during electrolysis by the 
loss of the hydrogen bromide holding it in solution. The experi¬ 
mental evidence, however, renders this suggestion untenable. 

The experitnents to be described were carried out at the 
tamparaturo of boiling liquid ammonia, which was used as 
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refrigerant. The solutions were prepared and the e^stpedments 
oarried out in large test-tubes immersed in the ammonia contained 
in Dewar flasks. The tubes were dosed by rubber stoppers carry¬ 
ing the deotrodes and tubes for introducing the gaseous sulphur 
dioxide, which condensed to liquid at the temperatxire of the 
ammonia. Water was placed in the tube before placing the latter 
in the ammonia. The water remained as a solid at the bottom 
of the test-tube after the introduction of the sulphur dioxide, but 
on passing gaseous hydrogen bromide into the liquid, two layers 
were formed, the lower one consisting of a solution of sulphur 
dioxide and hydrogen bromide in water, and the upper one of a 
solution of water and hydrogen bromide in sulphur dioxide. 

In the course of preliminary experiments, it was found that if 
the upper layer were syphoned off and used for the electrolysis, the 
current soon fell in value, whilst no water was deposited at the 
cathode, sulphur being liberated there in quantity. When the 
lower layer was allowed to remain in the vessel during the electro¬ 
lysis, the current maintained its initial value, whilst water 
appeared at the cathode, very little sulphur being deposited. The 
water deposited at the cathode collected as small drops, which fell 
to the bottom of the apparatus. 

The probable explanation of the need for the presence of the 
second layer is that it serves to maintain a saturated solution, and 
that otherwise the solution near the electrodes becomes depleted 
of water and hydrogen bromide, a different type of reaction then 
setting in. In the electrolysis experiments to be described, the 
second layer was present, but the electrodes were so arranged that 
conduction and electrolysis took place in the upper solution with 
the sulphur dioxide as solvent. 

Two series of quantitative investigations were carried out, 
namely^ (1) solubility determinations, and (2) determination of 
the quantity of water deposited at the cathode. In both cases the 
following method of analysis was adopted for the mixtures and 
solutions obtained, which contained water, sulphur dioxide, and 
hydrogen bromide. The sample was introduced into a weighed 
vessel, and most of the sulphur dioxide and some of the hydrogen 
bromide boiled off at a temperature below 0*^, the gases being 
absorbed in sodium hydroxide solution. The bromide and sulphite 
in the hydroxide solution were determined by standard methods. 
Trial showed that the water was not appreciably distilled and 
ooiild be estimated in the residue. For this purpose, a weighed 
quantity of oonoentrated sodium hydroxide solution was added to 
the already weighed vessel containing the water and residual 
sulphur dioixide aud hydrogen bromide, the vessel then beiijgf 
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weighed, A determination of the bromide and sulphite in the 
solution enabled the water to be calculated by difference. Tests 
with known quantities of the constituents showed that the method 
was accurate to about 1 per cent. 

For the solubility determinations, the solutions were prepared 
by adding excess of water to the sulphur dioxide and passing into 
the liquid varying amounts of hydrogen bromide. The solutions 
were well shaken and allowed to settle, the clear, upper layer being 
syphoned off for analysis. The results of the analyses are given 
in the following table: 


Hydrogen 

bromide. 

Water. 

Gram^mol. of 
hydrogen 

Gram-mol. of 

Dissolved in 
X grams of 
sulphur 

Gram. 

Gram. 

bromide. 

water. 

dioxide. 

0-668 

0-126 

00070 

00070 

10*2 

0-970 

0-214 

00120 

0*0119 

16*6 

0-436 

0-096 

0-0064 

0-0053 

11-0 

0-650 

0146 

00080 

0-0080 

9-7 


It will be seen that the water and hydrogen bromide are found 
in the solutions in equimolecular proportion, and as water itself 
is but sparingly soluble in sulphur dioxide, it may be concluded 
that a compound, H20,HBr, is formed. Whether this compound 
is an oxonium derivative or a simple hydrate can be decided from 
observation during electrolysis. If the deposit of water at the 
cathode were formed by precipitation of dissolved water as the 
hydrogen bromide holding it in solution was destroyed by electro¬ 
lysis, a similar deposit should appear at the anode. In no case 
was the slightest indication of such deposit observed, and it may 
be concluded that a true oxonium compound is formed: 

H,0 + HBr = 

and as the hydrogen and water liberated during electrolysis both 
appear at the cathode, this compound must ionise as follows: 

[XXf, = (|>0<»)'+B, 

the ion losing its charge at the electrode during electrolysis 

and forming hydrogen and water. 

This formula and mechanism of reaction have been previously 
suggested by Bagster and Steele, but no quantitative evidence was 
available, and the formula adopted was based on speculation. It 
was also shown in the paper referred to that Faraday's law holds 
for solutions in sulphur dioxide, and it is to be expected that the 
water and hydrogen liberated will correspond with the quantity 
of diver deposited in a silver voltameter. It was shown, however, 
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that in the case of the hydrogen this expectation was not realised, 
and further careful experiments lately carried out gave no better 
result. As the solutions were always coloured yellow, probably 
by traces of bromine, it is probable that the hydrogen was 
destroyed by reaction at the electrode. The water deposited, how¬ 
ever, has l^n estimated, and found to correspond closely with the 
quantity predicted by the theory put forward. For this deter¬ 
mination, the cathode consisted of a platinum wire sealed through 
the bottom of a glass tube, the deposited water being collected in 
a small glass cup suspended underneath. At the end of the 
experiment, the cup was transferred to the weighed vessel and its 
contents analysed, as already described. 

Two experiments were carried out, with the following results: 


Silver in 
voltameter. 
Gram. 


Water 

deposited. 

Gram. 


Milligram 
equivalent of 
silver. 


Milligram 
equiveJent of 
water. 


0 120 0022 111 

0-224 0-037 2-08 


1-22 

2-06 


It will be seen from the results that one equivalent of water is 
liberated at the cathode in the sulphur dioxide solution for every 
equivalent of silver deposited in the voltameter. This is the result 
to be expected if the explanation offered as to the mechanism of 
reaction is correct. 

This work has seemed of sufficient importance to publish, as it 
is probable that similar compounds exist in aqueous solutions of 
halogen hydrides, quite apart from hydrates of the ordinary type, 
and that they may take pn-rt in the electrolysis and reactions of 
such solutions. 


The Univebsity of Queensland, 

Bbisbane. [Received, May 1«<, 1920.] 


LXXIV *—Some Properties of Benzanthrone. 

By Arthur George Perkin. 

During some experiments with benzanthrone, attention was 
arrested by the deep blood-red coloration which it yields when 
dissolved in concentrated sulphuric acid. As the addition of 
water to this solution reprecipitates quantitatively unchanged 
benzanthrone, there thus seemed evidence of the formation of an 
oxonium salt. On diluting the add solution with acetic acid, or 
by adding sulphuric add to benzanthrone dissolved in acetic add, 
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however, no insoluble compound of this nature could be isolated. 
In attempting again to prepare a ferrichloride by the addition of 
anhydrous ferric chloride to an acetic acid solution of Ijenz- 
anthrone, diluted with a few drops of hydrochloric acid, only the 
unchanged substance separated on cooling, but on reducing the 
amount of hydrochloric acid to a minute proportion, red needles 
were at first deposited, although these gradually })ecame yellow 
owing to re-conversion into benzanthrone. Ultimately, it was 
ascertained that, by avoiding the addition of hydrochloric acid, the 
desired compound could be readily prepared. To a solution of 
0*5 gram of benzanthrone in 20 c.c. of glacial acetic acid, 0*5 gram 
of anhydrous ferric chloride in the minimum of boiling acetic acid 
was added. The deep brown liquid, on partial cooling, became 
semi-solid, owing to the separation of red needles of the ferri- 
chloride, and these were collected, washed with acetic acid, and 
dried at 100 ®. As the product on treatment with water was 
readily converted into benzanthrone, this reaction was employed 
for analytical purposes. 

Found: Ci7HjoO- 69*5, 69*8; Fe = 8-80; Cl = 21*7. 

(CVHioOloHFeCl^ requires Ci7H5oO-69*8; Fe = 8-49; 01 = 21*54 

per cent. 

The stanmchhmde, prepared from benzanthrone (1 gram), acetic 
acid (15 C.C.), and fuming stannic chloride (1 gram), gave in a 
similar way a deposit of bright red needles, which when dry had 
a scarlet appearance. As the substance is apt to darken and 
become viscid when dried at 100 ® while moist with acetic acid, it 
was preferably submitted to a preliminary treatment in a vacuum. 

Found: Ci 7 HioO = 64*23, 64*24. 

(Ci 7 Hj(, 0)2811014 requires Cj 7 H 4 oO = 63'8 per cent. 

The jyJatinichJoi'ide separates at once as a brick-red, semi¬ 
crystalline deposit, and this is also readily dissociated by water. 

Found: C 17 H 10 O-53 4; Pt= 22*85. 

(Cj 7 HjoO) 2 H 2 PtClG requires Cj 7 Hi ^,0 = 52-88; Pt- 22*42 per cent. 

Having thus ascertained that benzanthrone readily yields salts 
of this character, it appeared interesting to study the behaviour 
of one or other of its hydroxy-derivatives in this respect, and 
certain of these are briefly described in the patent literature 
(Badische Anilin- k Soda-Fabrik, D.R.-P, 187495). Whereas 
benzanthrone is prepared by the action of glycerol and sulphuric 
acid on anthranol, the hydroxybenzanthrones are obtained in a 
similar way from the hydroxyanthranols, and that which is 
described as being produced from the 2 -hydroxy-compound was 
selected at first for experiment. Following the directions given 
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for the preparation of this compound, the product consisted of a 
greenish-black powder, and could not, apparently, be crystallised. 
It was ascertained, however, that if a concentrated alcoholic ex¬ 
tract of the material is poured into much ether, the main impurity 
separates as a dark-coloured, viscid mass, and that when the clear 
liquid, well washed with water, was evaporated, the hydroxy- 
compound remains as nodules in a comparatively pure form. For 
complete purification it was acetylated, and the crystals obtained 
by diluting the acetic anhydride solution with alcohol were re¬ 
crystallised from a mixture of alcohol and acetic acid until they 
possessed the coorrect melting point of 200—201®. 

When, for the purpose of hydrolysis, the acetyl compound, dis¬ 
solved in boiling acetic acid, was treated with a few drops of 
sulphuric acid, scarlet needles, evidently the sidphate of the 
hydroxybenzanthrone, soon separated. These were collected, 
washed with acetic acid, and dried at 100®. 

Found: C = 59-04; H=:3*37. 

Ci 7 nio 02 ,H 2 S 04 requires C = 59'30; H = 3*48 per cent. 

On treatment with water, the sulphate is at once converted into 
the free hydroxybenzanthrone, a substance which is not readily 
crystallised, although from nitrobenzene it could be obtained as 
minute, microscopic needles. 

Employing the haloid acids for the hydrolysis of the acetyl com¬ 
pound, oxonium salts could not be isolated. 

Methoxyhenzanthrone was readily obtained by suspending the 
hydroxybenzanthrone in methyl alcohol and adding methyl 
sulphate and methyl-alcoholic potassium hydroxide until no colour 
change was produced by the latter. It was isolated from the solu¬ 
tion by means of water, washed with dilute alkali, and purified by 
crystallisation, first from alcohol and subsequently from benzene. 
The fine, yellow needles obtained in this way melted at 198—199°, 
and dissolved in both nitric and sulphuric acids, with the form¬ 
ation of green, fluorescent liquids. 

Found: C = 83*27; H = 4'6. 

^ 18 ^ 12^2 requires C=83'07; H = 4'6 per cent. 

When a boiling acetic acid solution of methoxybeiizantbrone is 
treated with a little sulphuric acid, fine, scarlet needles of the 
sulphate separated, and these were collected and washed with 
acetic acid. 

Found: CigHi202= 72*02; S=8*79. 

CigHi 202 ,H 2 S 04 requires Ci8Hi202=72'62; S=8*93 per cent. 

The hydrohroimde and hydrochlori/de were obtained in a similar 
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manner ae red needlee, but, being unstable at 100®, were net 
submitted to analysis. 

The femchloride, prepared by means of anhydrous ferric 
chloride and acetic acid without using hydrochloric acid,* separated 
immediately in fine, red needles. These, after being collected 
while hot and washed with acetic acid, formed a maroon-coloured 

* The formation of the metallic oxonium salts here described is interestings 
as addition of hydrochloric acid in these cases is unnecessary and indeed 
objectionable, at least in the case of its aqueous solution. That required 
for reaction evidently originates from the conversion in part of the metallic 
chloride by means of the acetic acid either into acetate or chloride-acetate. 
That such a method of procedure is generally adaptable for this purpose 
appeared likely and experiment has shown that it can be successfully employed 
for the preparation of oxonium salts of this character from certain xonthone 
and flavone derivatives. Thus euxanthone diethyl ether in boiling acetic 
acid solution gives a platinichloride, as an orange-coloured, glistening meujs of 
flat needles or leaflets readily dissociated in contact with warm water. 

Found: rt*= 19-92. 

(Ci 7 H,g 04 ) 2 H 2 PtCla requires Pt—19-93 per cent. 

The JvTrichloride consists of long, orange-yellow needles. 

Found: Ci,Hi 404 = 58-7 ; a-29-39. 

Ci,Hi 404 ,HFeCl 4 requires C 17 H 10 O 4 —58-79 ; Cl —29*39 per cent. 

Apigenin triethyl ether ferrichloride forms orange-yellow needles, somewhat 
soluble in hot acetic acid. 

Found: 78-02. 

(Cai-HaaOjlaHFeCla requires C 2 iH 2 a 05 = 78-05 per cent., 
and the platinichloride separates in minute needles of a similar colour. 

Found: Pt—17-33. 

(C 2 iH 2 a 05 ) 2 H 2 PtCle requires Pt= 17-44 per cent. 

Luteolin tetraethyl ether platinichloride is first deposited in the amorphous 
condition, but this gradually becomes crystalline when the boiling is continued 
for a short period. 

Found; Pt—16-6. 

(CasH 2 aOa) 2 H 2 ptCle requires Pt—16-18 per cent. 

Myricetin hezaethyl ether platinichloride separates in glistening, orange- 
coloured, rectangular plates. 

Found: Pt== 14*15. 

(C 27 Hg 408 ) 2 H 2 PtCla requires Pt== 14*11 per cent, 

Luteolin tetraethyl ether ferrichloride^ (o) evidently (Ca8H2602)2HFeOl4, and 
the corresponding myricetin salt, (6) (Ca 7 H 2408 )aHFeCl 4 , both crystalhse in 
orange-coloured needles, but, being somewhat soluble in acetic acid, hardly 
separate until the solution is cold. On this account these and other readily 
goluble compounds of the same character could not be isolated in a completely 
pure condition owing to the simultaneous deposition at this temperature ot 
a trace of uncombined ferric salt. The yields of the regenerated ethyl ether* 
obtained by means of water were thus too low. 

Found : (a) C 22 Ha 404 = 76*8. Calc. 80-0 per cent. 

( 6 ) 0g7Hs4O|=67*5. Calc. 83*0 per cent. 
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glistening mass, and were readily decomposed in contact with 
water. 

Found : 0]8Hi202 = 72*40. 

(Ci8Hj202)2HFeCl4 requires Cj8ll5202 = 72*32 per cent. 

The plMintchloTidCy similarly obtained, was scarlet. 

Found: Pt=21*26. 

(Ci8Hj202)2H2PtCl6 requires Pt= 20*97 per cent.. 

When methoxybenzanthrone dissolved in acetic acid was treated 
with chromic acid, an energetic reaction occurred, and by adding 
water to the solution, a small amount of a crystalline precipitate 
separated. This was collected, digested with hot dilute ammonia, 
and the extract neutralised with acid. On keeping, colourless, 
hair-like needles were deposited, and these, on heating, sintered 
at 265^ and melted at 274—275° with evolution of gas. It at 
first suggested itself that this compound, which is evidently a 
m-methoxyanthraquinone-o-carboxylic acid, would be of service for 
ascertaining the position, apparently unknown, of the hydroxyl 
group in this and other hydroxybenzanthronee. Such an idea 
was, however, abandoned, as no account could be found in the 
literature of m-hydroxyanthraquinone-o-carboxylic acids, prepared 
by other methods, which might be identical or otherwise with the 
acid in question. Again, the yield of the latter was far from 
satisfactory. 

In considering the constitution of this hydroxybenzanthrone 
derived from 2-hydroxyanthranol, four distinct positions, namely, 
2, 3, 6, 7 (I), for the hydroxyl group at first appear applicable. 



On the other hand, as it seems certain that the benzanthrone con¬ 
densation proceeds similarly in the case of other hydroxyanthranols, 
the matter is in reality less complex. Thus the fact that 1-hydr- 
oxyanthraquinone (II) or the corresponding anthranol yields, 
according to the literature (loc, cit.)y an hydroxybenzanthrone of 
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very similar properties to that derived from 2 -hydroxyanthrar 
quinone (III), renders the position 2 impracticable for the hydroxyl 
group present in the latter. Again, by a similar reasoning, the 
position 3 is not applicable, in that a dihydroxybenzanthrone can 
be prepared also from quinizarin (IV) or its leuco-compound (loc, 
cit,). Such being the case, the hydroxybenzanthrone under dis¬ 
cussion, originating from 2 -hydroxyanthranol, must contain the 
hydroxyl group in the position 6 or 7 . 

It appeared possible that a solution of this question might be 
arrived at from a study of the o-dihydroxybenzanthrone which 
has been obtained by the action of glycerol and sulphuric acid on 
deoxyalizarin (the anthranol corresponding with alizarin), and the 
examination of this compound was also of interest in that only a 
meagre account of its properties is to be found in the patent 
literature {loc. cit.). 

The product, obtained in the usual manner by the interaction 
of deoxyalizariii, glycerol, and sulphuric acid, which consisted of 
a black, resinous powder, was extracted with alcohol, the extract 
evaporated to a small bulk, and poured into much ether. The 
clear liquid, decanted from a deposit of tarry impurity, was 
repeatedly washed with water and evaporated to dryness. The 
residue, which consisted of crystalline specks admixed with resinous 
matter, was triturated two or three times with a little ether, 
collected, and washed with the same solvent. The dull reddish- 
orange product was now digested with boiling acetic anhydride, 
the solution diluted with alcohol, and, after keeping overnight, the 
crystals which had then separated were collected and recrystaJlised 
from acetone. 

Found: C = 73 08; H-4-27. 

C 21 H 14 O 5 requires 0 = 72*83; H = 4*05 per cent. 

This diacetoxi/benzcmthro^iej which has not been previously 
described, consists of pale yellow needles melting at 199—201®. 

When a boiling solution of this compound in acetic acid is treated 
with sulphuric acid, the liquid becomes blood-red, and dark maroon 
needles of the stUphate of dihydroxybenzanthrone soon separate. 
These, when dry, appear almost black and closely resemble 
naphthazarin in appearance. In contact with water, they are 
slowly decomposed, l^ing converted into minute, orange-red needles 
of the dihydroxy-compound. 

Found: 72*02; S = 8*79. 

Ci 7 Hio 03 ,H 2 S 04 requires i 8 = 8 88 per cent. 

The hydrobrotnidCf which is obtained in a similar way from the 
acetyl compound, separates in glistening, hair-like needles of a 
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deep maroon colour. On heating at 100^, it is slowly docompoeed, 
and was therefore analysed indirectly by decomposing the product 
still moist with acetic acid by means of water, and estimating the 
regenerated dibydroxy-compound and the hydrobromio acdd thus 
produced. 

Found; 0*6495 gram of Ci 7 Hio 03 , which corresponds with 0*8503 
gram of Ci 7 Hio 03 ,HBr, and bromine equivalent to 23*28 per 
cent, of the latter. Theory requires Br=23*32 per cent. 

The hydrochloride and hydriodide were also prepared. These 
closely resembled the hydrobromide, but were not analysed. 

The dihydroxybenzanthrone obtained by the hydrolysis of the 
acetyl derivative crystallised from alcohol, in which it is sparingly 
soluble, in minute, orange-red plates or leaflets, melting and decom¬ 
posing at about 309—310°. 

Found: C = 78*l; H = 4*07. 

Ci 7 Hiq 03 requires C=^ 77*86; H = 3*81 per cent. 

This compound, for which the name henzalizarin is suggested, 
and is here referred to as such, resembles alizarin itself in many 
of its properties. It is soluble in concentrated sodium hydroxide 
solution with a pure blue colour, and this, on dilution with much 
water, gradually becomes dull violet, and finally brown, owing to 
oxidation. Addition of barium chloride to the blue alkaline solu¬ 
tion causes the precipitation of the barium compound as a violet 
powder. Sulphuric acid dissolves it with a crimson, nitric acid 
with a bluish-violet, and alcoholic ferric chloride with a yellowish- 
brown, tint. Dyeing experiments, employing mordanted woollen 
cloth, indicated that benzalizarin dyes with this material shades 
which, with the exception of that given by the iron mordant, are 
identical in character with those given by alizarin itself, although 
they possess a slightly more orange tint. 

Cr. Al. Sn. Fo. 

Alizarin . Maroon. Dull orange- Bright reddish- Dull bluish- 

red. orange. maroon, 

Benzalizarin ... Browner Dull reddish- Bright orange. Brownish- 

maroon. orange. black. 

The methylation of benzalizarin by means of methyl iodide and 
alkali was now studied in the hope that insight would thus be 
gained as to the exact position of its hydroxyl groups. Although 
it was at one time considered that by the use of these reagents it 
was not possible to methylate an hydroxyl group in the ortho- 
position with respect to a carbonyl group, this, at least in the case 
of colouring matters of the xanthone and flavone types, has now 
been shown to be incorrect (T., 1913, 108, 1632). On the other 
hand, there is no doubt that the carbonyl group does here ex^ 
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some sterio hindrance, and in any case methylation of the hydroxyl 
group adjacent thereto is not effected except by using a consider¬ 
able excess of iodide and alkali. 

A mixture of l>enzalizarin (2 grams), methyl alcohol (30 o.c.), 
and methyl iodide (12 c.c.) was heated to boiling, and a solution 
of 2‘5 grams of potassium hydroxide in methyl alcohol added drop 
by drop during some hours. Crystals, evidently of the monomethyl 
ether, soon separated, but these dissolved as the operation pro> 
ceeded. After two days, the excess of methyl iodide was removed, 
and the crystals which separated were collected, washed with water, 
and recrystallised from acetone, employing animal charcoal. 

Found: C=:78-5; H = 4*7; Me = 10-1. 

Ci 7 HjjO(OMe )2 requires 0 — 78*62; H—482; Me =10*30 per cent. 

It was found necessary to carry out the Zeisel determination in 
two stages {a and h), owing to the fact that the demethylated 
benzalizarin, even in the presence of acetic anhydride, separated 
as a spongy, colloidal mass, and enveloped a certain amount of 
unattacked or jmrtly attacked substance. Thus, after two and 
a-half hours’ digestion, methyl iodide ceased to be evolved, and 
the product, washed with sul})hurous acid, dried, and ground, was 
again submitted to the action of hydriodic acid. 

Found: (a) Me=9-13; {h) Me = 0’97 per cent. 

The regeneratcid benzalizarin, when acetylated, gave the acetyl 
compound, melting at 199—20P. 

In this first experiment, although obviously an excess of alkali 
was employed, the reaction appeared to be at an end when less 
than half the amount had been added, and a second trial was now 
carried out in the same way, but using a solution of only 1 gram 
of commercial stick potassium hydroxide* in methyl alcohol. The 
product, isolated as in the former instance, weighed 2*02 grams, 
and only a trace of partly methylated substance soluble in alkali 
was present. 

Jhinethoxyhenzanthrone crystallises from acetone in yellow 
needles melting at 139 -141and is soluble in sulphuric acid with 
an orange-red colour devoid of fluorescence. It readily yields 
oxonium salts, and of these the sulphate, which crystallises in 
scarlet needles, was not analysed, owing to lack of material. 

The platinichloride separates from acetic acid in small, red, 
glistening prisms. 

Found; Pt= 19*91. 

(C, 0 Hj 4 O 3 ) 2 H 2 PtCl 6 requires Pt = 19*70 per cent. 

* The theoretical amount of pure potassium hydroxide required was 

9*85 gram. 
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The ferrichlaride consiste of glistening, red needles. 

Found: Ci 9 Hi 40 g= 74*34. 

(Ci 9 Hi 403 ) 2 HFeCl 4 requires C 19 H 14 O 3 —74*45 per cent. 

For the sake of comparison with benzalizarin, alizarin itself was 
submitted to the action of methyl iodide under similar conditions 
to those given above, with the result that, as was to be anticipated, 
little or no methylation occurred, only a small amount of mono¬ 
methyl ether being thus produced. 

There is, accordingly, considerable difference between the 
behaviour of these two colouring matters in this respect, and there 
is strong probability, therefore, that as benzalizarin can be so 
readily methylated with methyl iodide, it cannot contain an 
hydroxyl group in the ortho-position with respect to the carbonyl. 
It will thus have the constitution (I), and from this the position 
of the hydroxy-group in the hydroxybenzanthrone (II) discussed 
in this paper will naturally follow. 




Such being the case, it is very interesting that the dyeing 
properties of benzalizarin should so closely resemble those of 
alizarin. The latter are assumed to result from its possession of 
two hydroxyl groups in the ortho-position relatively to one another, 
one of which is adjacent to a carbonyl group. Based on this view, 
an ortho-quinonoid structure (I) for the alizarin lakes has been 
proposed (T., 1899, 76, 433), but in case the constitution of benz¬ 
alizarin given above receives full support, a para-quinonoid fomi 
(II) would prove more applicable. 



The latter has, indeed, been previously suggested for the blue 
alkali salts of this colouring matter. The fact that benzanthrone 
and its hydroxy-derivatives give salts of an intensely coloureil 
nature is interesting, in that, as these are presumably oxoiuum 
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compounds, their formation can only originate from the oxygen 
of the carbonyl group. Such a reaction is more usually associated 
with substances containing pyrone and analogous nuclei, and in 
these instances it is usually assumed that it is the basicity of the 
pyrone oxygen that comes into play. Salts of this character do 
not, for instance, appear to be producible from acetophenone, 
benzophenone, or their hydroxy-derivatives. On the other hand, 
when the carbonyl group forms part of a six-membered ring, as in 
benzanthrone, there is apparently further evidence that its basicity 
is thus increased. Thus, in case solution of a compound of this 
nature in sulphuric acid is accompanied by an intense colour, and 
addition of water precipitates the unchanged substance, it is 
reasonable to suspect the formation of an oxonium salt.* 

Whether the latter condition is fulfilled in all the substances 
here cited is, however, uncertain, but presuming this to be so, 
three compounds described by Baeyer, namely, phenylhydroxy- 
anthranol (I), hydroxyphenylhydroxyanthranol (II), and phenol- 
phthalidin (III) (Annnlen, 1880, 202, 58), which contain a nucleus 

CeH4<p®>CeH,-OH 

Hd^C.Hj HO'^a8H4-OH 

(I) (II) (in.) 


(IV) similar to that present in benzanthrone, are interesting, as 
they are described as yielding in this way purple, red, and purplish- 
violet colorations respectively. 

Such a property is not shown by anthranol itself, and this may 
be due to the fact that in sulphuric acid solution it is present 
entirely in the enolio condition (V). Possibly, again, compounds 


\ - ^\/ /\/? \/\ 

ii li i I I J 

/\co/\ \/\(j 

(IV.) (V.) 


Bz 

>-o 

\co/ 


(VI.) 


containing the carbonyl group in a five-membered ring may be 
reactive, for benzoylfluorenone (VI) (Gotz, Mmiatsk.^ 1902, 23, 
30) dissolves in sulphuric acid with a reddish-yellow tint. 

Such colour changes are also given by compounds in which the 
carbonyl group is present in an open chain and adjacent to an 
unsaturat^ linking, and is, indeed, the property of numerous 

* It is singular, however, that the hydrocarbon carotene, dissolves 

in sulphurio aoid with an indigo-blue coloration. 
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styryl methyl ketone (chalkone) derivatives. Moreover, oxonium 
salt-formation in the case of styryl methyl ketone, 
CHs-CO-CHICHPh, 

itself seems certain, in that Baeyer and Villiger (Ber.^ 1901, 34, 
2695) obtained therefrom the platinichloride, 
(CioHioO)2H2PtCl„2H20, 

in the form of yellow prisms. Cnrcumin (I), again, as is well 


nu ^^CO•CH:CH•CflH3(OH)•OMe 
^"2^CO-CH:CH-C3H8(OH)-OMe 
(I.) 


CeH,<^®>C: 0 HPh 

( 11 .) 


known, dissolves in sulphuric acid with an intense red tint, whereas 
colour changes of this character are also given by certain deriv¬ 
atives of benzylideneindandione (IT). An investigation is in pro¬ 
gress with the object of obtaining more definite information as to 
the formation of oxonium salts in the case of these and allied 
compounds. 

In connexion, again, with the present investigation, experiments 
were carried out to determine whether compounds of this character 
could be prepared from alizarin dimethyl ether, but, employing 
acetic acid for this purpose, no evidence of oxonium salbformation 
could be observed either with mineral acids or anhydrous metallic 
compounds. On the other hand, it has been found that if rufigallol 
is stirred into concentrated sulphuric acid, maroon-col ourc^i, 
glistening, prismatic needles soon appear, which evidently consist 
of a sulphate. These may be collected on glass wool, but all 
attempts to remove adherent sulphuric acid without simultaneously 
dissociating the substance have hitherto been unsuccessful. Glacial 
acetic acid alone or admixed with acetic anhydride rapidly causes 
the production of bright red rufigallol, and even sulphuryl chloride 
gradually effects the same colour-change. It seems possible, how¬ 
ever, that rufigallol methyl ether may furnish compounds of this 
character sufficiently stable for analysis, and experiments on this 
point are about to be undertaken. 


A nthraqumone-l-caf’ba.T^Uc A cid. 

As benzanthrone appeared to be a useful source of this acid for 
laboratory purposes, experiments were carried out in order to 
ascertain the beet conditions for this purpose, and the following 
method was adopted. 

A solution of 2 grams of benzanthrone in 20 o.c. of boiling 
acetic add was slowly treated during three hours with a solution 
of 10 grams of commerdal chromic acid in 20 o.c. of 50 per cent, 
acetic acid. The product, when diluted With hot water, deposited 
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csrystals, and, after keeping ovemiglit, these were collected. The 
filtrate, which contained some quantity of the anthraquinonecarb- 
oxylic sgoid in solution, was treated with sufficient sulphuric acid 
to convert the chromium into sulphate, evaporated to dryness, the 
residue extracted with water, and the crystals were collected. 
2*091 Grams of the substance were thus isolated, which, how¬ 
ever, contained chromium, and this was removed by treatment 
with 5 c.o. of sulphuric acid at 100 ^ and subsequent precipitation 
with water. The product was dissolved in boiling dilute ammonia 
and the solution filtered, when, on acidification, the carboxylic acid 
was obtained in almost colourless needles melting at 286—288°, 
and weighing 1*8320 grams (Found: 0 = 71*47; H = 3*35. 
Ci 5 Hg 04 requires 0 = 71*43; H = 3*17 per cent.). 

By recrystallisation from ten times its weight of nitric acid 
(D 1*42), and diluting the product with a little water, the pre¬ 
paration, which thus lost approximately 5 per cent, of its weight, 
melted at 291—292°. 


Note on a Prodii^ct of the DeMrucfwe DiHillafio^n of Sodium^ 

A n th raqumo'ne-^-fivIphonate, 

Many years ago it was shown (A. G. and W. H. Perkin, T., 
1885, 47, 679) that when sodium anthraquinone-)3-sulphonate is 
destructively distilled, there is produced, in addition to some 
quantity of aiithraquinone and 2 -hydroxyanthraciuinone, a small 
amount of an orange-coloured substance. To the latter the 
formula O 28 HJ 4 O 0 was then assigned, and from this, by progressive 
oxidation, two colourless cx^mpounds, represented as C 28 H 14 O 7 and 
Ci 4 H(j 04 , could be obtained. A further investigation of this sub¬ 
ject was contemplated from time to time, but for the lack of a suit¬ 
able apparatus capable of dealing with a large amount of the 
sulphonate, this has until very recently remained in abey¬ 
ance. Although originally unsuspected, it has been known 
for some time that the compound to which the formula 
C 28 Hj 40 (j was assigned contains a small amount of sulphur. 
As a consequence, there can be little doubt that its true 
formula is C 28 H 14 O 4 S, and with this the carbon and hydrogen 
analyses given in the paper are in full agreement. It is likely 
that this substance is in reality a thiodianthraquinone, 
( 01411702 ) 28 , and, should this be the case, the formulse of its oxida¬ 
tion products will thus be 028 H| 405 S and C 28 H] 40 (.S, and their con¬ 
stitutions naturally follow. It is interesting to note that in its 
reaction with sulphuric acid and general properties the former 
compound closely resembles the thiodianthraquinone prepared by 
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the interaction of 2 -chloroanthraquinone and 2 *thiolanthraquinone 
(Parbenfabriken vorm. F. Bayer & Co., D.R.-P. 274357). The 
further examination of these compounds and the study of a similar 
product from sodium anthraquinone-a-sulphonate, are in progress. 

This statement has appeared necessary on account of a brief 
allusion to these compounds in a paper by Scholl, Schwinger, and 
Dischendorfer 1919, 52, [B], 2260), and the opinion, '*Man 

kann sogar in Zweifel sein ob sie einheitliche Verbindungen in 
Handen gehabt haben,^^ there given. 

Clothwobkers* Beseaboh Laboratory, 

The University, Leeds. [Received, May 4th, 1920.] 


LXXV.— n-Butyl Chloroformate and its Derivatives. 

By Frederick Daniel Chattaway and Edouard Saerens. 

Ti-Butyl chloroformate, C 1 *C 02 ’C 4 H 9 , is beet prepared by passing 
carbonyl chloride into cooled w-butyl alcohol until the calculated 
increase in weight is reached, and fractionally distilling the 
product. 

It is difficult to separate the chloroformate from the unchanged 
n-butyl alcohol, and the yield is not large, as in the repeated frac¬ 
tional distillations necessary a considerable amount reacts with the 
alcohol to form di-n-butyl carbonate. If the first fractionations 
are alow, a distillate is frequently obtained which contains only 
this and w-butyl chloride. 

w-Butyl chloroformate is a colourlees, mobile liquid of a sharp, 
but pleasant, odour; the vapour attacks the eyes. It boils at 
137-8°/734*5 mm., and has Df 1 074 and 1*417. 

It is only slowly hydrolysed when heated with water, in which it 
appears to be insoluble: 

0-2687 gave 0-2726 AgCl. Cl = 26‘05. 

C 5 H 9 O 2 CI requires 01=25*97 per cent. 

Di-w-butyl carbonate, ( 04119 ) 2008 , was originally prepared by 
Lieben and Rossi {Annalen, 1873, 165, 112) by heating n-butyl 
iodide with silver carbonate. The quantity obtained was very 
small, as much A®-butylene and di-n-butyl ether are produced in 
the reaction. 

It is always formed in small amount during the fractionation 
in the preparation of n-butyl chloroformate, and is easily obtained 
in quantity by passing oarbohyl chloride into hot n-butyl alcohol or 
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by boiling 7 ^-butyl cbloroformate with about twice the equivalent 
amount of n-butyl alcohol, and fractionating to separate any un¬ 
changed alcohol and the butyl chloride formed. Di Ti.-butyl 
carbonate is a colourless, mobile liquid of a somewhat pleasant 
smell, which boils at 207°’/745 mm. 

When n-butyl chloroformate is heated with any alcohol, it gives 
* the corresponding alkyl w-butyl carbonate. The isolation of these 
alkyl 7 i-butyl carbonates in a pure state by fractional distillation 
is generally tedious, as both the dialkyl carbonate and di-n-butyl 
carbonate are formed as well as the mixed ester, otherwise their 
preparation offers no difficulty. To avoid so far as possible the 
actions by which these by-products are formed, it is best to add 
the equivalent amount of the alcohol to boiling n-butyl chloro- 
fonnate. 

Methyl n~huUjl ccurhcmate^ C4Hg*0*C0'0Me, is a colourless, 
mobile liquid having a sweet smell, somewhat recalling that of 
amyl acetate; it boils at 150*5°/745 mm.: 

0-2154 gave 0-4301 CO 2 and 0 1769 HgO. 0 = 54 46; H=:919. 

C(jHi 203 requires 0 = 54-50; H = 915 per cent. 

Ethyl n-hutyl carbonate^ 04 H 9 * 0 * 00 *OEt, is a colourless, mobile, 
sweebsmelling liquid, which boils at 168*5°/748 mm.: 

0 1757 gave 0-369S OOg and 0-1507 HgO. 0 = 57*32; H = 9-60. 

O 7 H 14 O 3 requires 0 = 57-49; H = 9’65 per cent. 

n-Propyl Ji-hutyl carhonatCj 04 H 9 * 0 ’00* 0 * 03117 , is a colourless, 
mobile liquid having a pleasant smell, and boils at 187*5°/ 
755 mm.: 

0*1688 gave 0*3703 00^ and 0*1517 HgO. 0 = 59*83; H = 10*05. 
requires 0 = 59*95; H = 10*07 per cent. 

fi-Butyl chloroformate reacts very readily and energetically with 
ammonia and with amines to form n-butyl carbamates. In the 
case of ammonia, it is sufficient to shake vigorously the chloro¬ 
formate with concentrated aqueous ammonia. With the amines 
it is best to add an ethereal solution of the base mixed with an 
equivalent amount of pyridine to an ethereal solution of the equi- 
v^ent quantity of n-butyl chloroformate. The n-butyl carbamates 
are, as a rule, colourless, well-crystallised compounds readily soluble 
in alcohol or other ordinary organic solvents. 

n-Butyl carbamate, C 4 H 9 * 0 *C 0 *NH 2 , is very readily soluble in 
alcohol, and crystallises in long, colourless, flattened prisms, which 
melt at 64^: 

0-1814 gave 0-3402 CO 2 and 0*1527 HgO. C = 5114; H = 9*42. 

CfiHiiO^N requires 0 = 51*24; H = 9*47 per cent. 
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xi’-Butyl phmylccixrhamat&^ C 4 H 9 * 0 'C 0 *NHPh, orystallise® in 
long, oolourleos, flattened prisms, which melt at 65*6^: 

0 2543 gave 0*6381 COg and 0 1740 H^O. C==68*43; H=^7*65. 
CiiHigOgN requires C = 68*35; H=^7*83 pe«r cent. 

n-Butyl (>chlorophenylco/rhamatey C 4 H 9 * 0 *C 0 *NH'C(jH 4 Cl, is an 
oily liquid boiling at 235—240^/60 mm., which does not solidify on^ 
keeping or when cooled in a freezing mixture: 

0*3513 gave 0*2160 AgCl. Cl = 15-21. 

C 11 H 14 O 2 NCI requires Cl = 15*58 per cent. 
n‘Butylr^^-chlorophenylc(M'ha;Qn<it& crystallises in colourless, 
flattened, apparently rhombic, prisms, which melt at 72°: 

0*2346 gave 0*1492 AgCl. Cl = 15*73. 

C 11 H 14 O 2 NCI requires Cl = 15*58 per cent. 

xirButyl 2:ii-dichlorophenylcarharriatef C 4 H 9 * 0 *C 0 *NH’C 6 H 3 Cl 2 , 
orystallisee in colourless, very slender prisms, which melt at 48°: 

0*2070 gave 0*2261 AgCl. 01=27*02. 

C 11 H 13 O 2 NCI 2 requires Cl = 27*06 per cent. 
n-Butyl 2:4: ^-trichlorophenylcarhamate^ 

C 4 H 9 ^ 0 *cb-NH-C 6 H 2 Cl 3 , 

crystallises in slender, colourless prisms, which melt at 60°: 

0*2236 gave 0*3252 AgCl. Cl = 35*98. 

C 11 H 12 O 2 NCI 3 requires 01 = 35*88 per cent. 

n-Butyl m-h7'<>m(>phenylo€trhamate, C 4 H 9 * 0 *C 0 *NH*C 6 H 4 Br, 
crystallises in colourless, transparent, four-sided rhombic plates 
melting at 37*5°: 

0*2425 gave 0*1669 AgBr. Br=29*29. 

CiiHi 402 NBr requires Br = 29*38 per cent. 
n-Buiyl p-hrmiophenylca/t^hmiate crystallises in compact, colour¬ 
less, rhombic prisms, which melt at 67°: 

0*2424 gave 0*1670 AgBr. Br = 29*32. 

C^Hi 402 NBr requires Br= 29*38 per cent. 
n-Butyl 2 : ^i-dihromophenylcarhamate, C 4 H 9 ’ 0 *CO*NH'C 6 H 3 Bro, 
crystallises in very slender, silky, hair-like prisms, which melt at 
61*5°: 

0*2130 gave 0*2278 AgBr. Br=;45*51. 

CjiHisOgNBr^ requires Br = 45*54 per cent. 

XL-Butyl 2 -0^4-6 roTwpheuylca/rhamate, 

C 4 H 9 - 0 -C 0 -NH-C 6 H 3 BrCl, 

crystallises in very slender, hair-like prisms, which melt at 52°: 
0*1913 gave 0-2061 AgCU AgBr. Calc. : 0*2066 AgCl +AgBr. 
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n-BiUyl ’^-iodoph&nylcarhamate, C 4 H 9 * 0 *C 0 *NH*C 6 H 4 l, crystal¬ 
lises in long, colourless prisms, which melt at 12^: 

0*3048 gave 0*2232 Agl. 1 = 39*58. 

ChHi 402 NI requires 1 = 39*78 per cent. 

n-Butyl o-tolylcarharnatej C 4 H 0 *O*CO*NH*C 0 H 4 Me, crystallises 
in oaloiu’less, slender prisms, which melt at 45*5°: 

0*2173 gave 0*5534 CO., and 0*1596 HoO. C = 69*45; H = 8*22. 

C 12 H 17 O 2 N requires 0 = 69*51; H = 8*27 per cent. 

li-Butyl 'p-tolylcarharnate crystallises in stout, colourless prisms, 
which melt at 63°: 

0*2345 gave 0*5983 COo and 0*1722 HoO. C = 69*58; H = 8 * 21 . 

Ci 2 Hi 702 N 2 requires 0 = 69*51; H = 8‘27 per cent. 

The Queen's College, 

Oxford. [Receivedt May IQth , 1920.] 


LXXVL —Isomeric Phthalylhydrazidcs, 

By Frederick Daniel Chattaway and William Tesh. 

Two isomeric phthalylphenylhydrazides have been described, one 
yellow and crystallising in two eiiaiitiotropic modifications, the 
other colourless. The yellow compound has been much studied and 
the transition point of its polymorphs determined; its colourless 
isomeride has received less attention, and the conditions under 
which it is produced are still imperfectly understood. For con¬ 
venience, the isomerides have been designated a- and j 8 -phthalyl- 
phenylhydrazide, and the constitutions 

C.H 4 <g^N.NHPh and 

a-Phthalylpheiiylhy drazide 3 -Phthalylphenylhydrazide 

(yellow). (colourless). 

have, with some justification, been assigned to them. 

Pairs of isomerides similar in constitution and properties to 
these have been obtained by the action of alkyl iodides on the 
sodium salts of the phthalylhydrazinic adds, obtained by dissolving 
a-phthalylphenylhydrazide in an alcoholic solution of sodium 
ethoxide, for example; 
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OeH4<g^N-NHPh 


rt Ti ^CO-NH*NHPh 
^"i^cOsNa 



n w ^CO-NAlk-NHPh 


C6H,< 


CO-NAlk 

co-i!rph 


r. H ^CO-NH-NPhAlk 

'I' 




Although the a>phthalylhydrazides undergo no noticeable trans¬ 
formation when heated in sealed tubes to temperatures below those 
at which decomposition and gas evolution occur, those having a 
hydrogen atom attached to the nitrogen atom carrying the aryl 
group are gradually transformed into the corresponding 
)3-isomerides when heated to about 210° for some hours with 
glycerol or when boiled for a similar period with the equivalent 
amount of sodium ethoxide dissolved in alcohol, thus: 

CO GO*NH 


Expe rimental. 

a- and fi-Phthalylphenylethylhydrazides, 

C«H4<^^N.NEtPh and 

a-. 8-. 

a-Phthalylphenylhydrazide was dissolved in an alcoholic solution 
of an equivalent amount of sodium ethoxide, rather more than an 
equivalent amount of ethyl iodide added, and the mixture heated 
in a sealed tube to 120° for twelve hours. A brown mass was pro¬ 
duced, which was dissolved in alcohol, and steam passed through 
to remove the solvent alcohol and an excess of ethyl iodide. The 
solid product remaining was dissolved in boiling alcohol, and, on 
cooling, yellow crystals of a-phthalylphenylethylhydraaide 
separated. The filtrate was concentrated and cooled, . when 
fi-phthalylphenylethylhydrazide crystallised in white needles. 
Each was then several times recrystallised from alcohol. 

The yellow a-compound dissolves readily in boiling alcohol, and 
crystallises in long, yellow, flattened prisms melting at 134°: 

0*2337 gave 21 o.c. (moist) at 16*8° and 764*6 mm. N = 10*63. 

requires N = 10*62 per cent. 



OSAWAWAIf Aj^fi fmni ISOMIRIO RHTHAtYLHYDRAZIBES. 713 


The colourless jS-compound is very readily soluble in boiling 
alcohol, and crystallises in colourless needles melting at 109®: 

0*1979 gave 17^8 c*c. N 2 (moist) at 11-6® and 756 mm. N —10*61. 

The yellow a-phthalylphenylethylhydrazide was also prepared by 
heating an alcoholic solution of a-phthalylphenylhydrazide with an 
equivalent amount of ethyl iodide in the presence of an equivalent 
amount of zinc oxide. In this experiment, none of the colourless 
jS-oompound was formed. 

To establish the constitution of the yellow a-form, phenylethyl- 
hydrazine was prepared from monoethylaniline, and an alcoholic 
solution heated with phthalic anhydride. 

The a-phthalylphenylethylhydrazide prepared in this way was 
identical with the yellow compound melting at 134®. 

The i8-phthalylphenylethylhydrazide (m. p. 109®), prepared as 
above, is certainly identical with that obtained by Hotte (J. pr, 
Chem., 1887, [ii], 36, 265) by heating ethyl iodide with a solution 
of jS-phthalylphenylhydrazide in alcoholic potassium hydroxide. 
He describes it as crystallising in white needles melting at 
lOS—106®. We have always, however, found the compound to 
melt at a slightly higher temperature, namely, 109®. 


a- and fi-Phthalylpheni/J-n-prapylhydrazideSy 

00 CO*NPr“ 

C.H4<co>N'NPr“Ph and W<co.i^Ph' 

These compounds were prepared exactly as the ethyl compounds, 
by heating a slight excess of n-propyl iodide with a solution of 
phthalylphenylhydrazide in an alcoholic solution of sodium 
ethoxide for sixteen hours to 125—130®. 

a-Phthalylphenyl-n-propylhy dr azide is readily soluble in alcohol, 
and crystallises in bright yellow, small, irregular rhombs, which 
melt at 110®: 

0*3126 gave 26'5 c.o. Ng (moist) at 13*8® and 760 mm. N = 9*96. 

requires N = 10*0 per cent. 

fi-PhthcdylphenyUn-propylhydrazide dissolves readily in alcohol, 
and crystallises in long, slender, colourless, six-sided prisms, which 
melt at 76®: 

0*2936 gave 26*2 c.c. (moist) at 11*6® and 750 mm. N = 10*15. 


vou oxvn. 


P D 
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o- and ^Phthalylphenylistypropylhydrazides, 
C.H.<^>N.NPr^Ph and 

These were obtained in a similar manner to the normal 
compounds. 

a-Phthdlyl'phenyli^o'propylhydrazide is readily soluble in alcohol, 
and crystallises in bright yellow, rhombic plates, which melt at 
142°: 

0*3161 gave 27*8 c.c. N 2 (moist) at 17*2® and 750 mm. N —10 07. 

C 17 H 16 O 2 N 2 requires N = 10 0 per cent. 

^-Phthcdylphenyli^propylkydrazide dissolves readily in alcohol, 
and crystallises in slender, colourless, four-sided prisms, which melt 
at 103°: 

0*3176 gave 0*8510 COg and 0*1657 H 2 O. C = 73 07; H = 5*79. 

0*2218 „ 19*4 c.c. N 2 (moist) at 17® and 752 mm. N = 10*04. 

Ci 7 Hi 602 N 2 requires C = 72*81; H = 5*75; N = 10 per cent. 


a- and ^-Phthalylphenylallylhydrazidesy 

and 

These were prepared in a similar manner to the previously 
described compounds, the action with the allyl iodide being especi¬ 
ally vigorous, heating for half an hour only on the water-bath 
being required to complete it. 

OrPhthcdylphenylallylhydrazide is readily soluble in alcohol, and 
crystallises in bright yellow prisms, which melt at 142®: 

0*3068 gave 26 c.c. N 2 (moist) at 10® and 747*5 mm. N = 9*97 
Ci 7 Hi 402 N 2 requires N = 10*07 per cent. 

^‘Phthalylphenylallylhydrazide dissolves very readily in alcohol, 
and crystallises in slender, colourless prisms, which melt at 90°: 

0*2162 gave 18 c.c. No (moist) at 13® and 756 mm. N = 9'79. 


Phthcdylphenyltrimethylen^hishydrazide, 

Ninety grams of phthalylphenylhydrazide were dissolved in a 
solution of 6 grams of sodium in 200 c.c. of alcohol, and heated 
with 40*4 grams of trimethylene bromide on a water-bath for six 
hours. 

The sodium bromide which separated was filtered off, 4 grams of 
sodium dissolved in alcohol were added, and the mixture was ag^n 
heated for two hours. On adding water, phtkalylphenyltri- 
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methylenehishydrazide separated as a white solid. It was re- 
crystallised from hot alcohol, in which it is readily soluble, and 
separated in long, colourless, slender prisms melting at 187°: 


0‘1017 gave 0*2703 COg and 0*0439 H 2 O. C = 72*48; H-4-79. 
0*1475 „ 13 c.c. 'No (moist) at 8 ° and 760 mm. N = 10*64. 

C 31 H 24 O 4 N 4 requires C = 72*l; H = 4*65; N = 10*8 per cent. 

The compound, from its behaviour, has probably the bis-jS-con- 


stitution, C 6 H 4 <^ 


CO*N-CH,-CH,-CH/N-CO, 


CO-NPh 


PhN-CO 




P-Fhthalyl-p-hromophenylhydrazide, N 0 H B * 

a-Phthalyl-p-bromophenylhydrazide has already been obtained 
by the interaction of phthalic anhydride and ^>-bromophenylhydr- 
azine at 100 °. It crystallises from hot alcohol in bright yellow, 
rnonoclinic prisms, which melt at 206^ (Chattaway and Wiinsch, T., 
1911, 99, 2260). 

This compound was transformed into the sodium salt of the 
j 8 -isomeride by heating with the equivalent quantity of sodium 
ethoxide in alcoholic solution in a sealed tube to 100 ° for eight 
hours. On adding hydrochloric acid to the solution, the 
) 8 -isomeride separated. It was recrystallised from hot alcohol, in 
which it is moderately easily soluble, and separated in fine, white 
needles melting at 252° : 

0*1149 gave 0*2270 COo and 0*0315 IToO. C = 53 00; H = 3 04. 

0*1206 „ 8*9 No (moist) at 9° and 760 mm. N = 8*87. 

Ci 4 H 902 N 2 Br requires C = 53*0; H = 2*84; N = 8*83 per cent. 


a- and ^-Phthcdyl-p-hromophenylallylhydrazides, 






and 


CO-N-CgHg 

CO-N-CgHJlr 


These compounds were prepared similarly to the coiTesponding 
phenyl derivatives, by heating allyl iodide with a-phthalyl-p-bromo-, 
phenylhydrazide dissolved in an equivalent amount of alcoholic 
sodium ethoxide on a water-bath for seven to eight hours. 

a-Fhthcdyl-p-hromophenylallylhydrazide is readily soluble in hot 
alcohol, and crystallises in bright yellow, slender, four-sided prisms, 
which melt at 118°: 


0*2893 gave 0*1453 AgBr. Br=21*37. 

CnHxaO 2 N 2 Br requires Br = 21*45 per cent. 
fi-PhthcdyUp-hrofnaphenylallylhydrazide is moderately soluble in 

D D 2 
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hot alcohol, and crystallises in long, very thin, colourless needles 
melting at 129®: 

0-0948 gave 0*0485 AgBr. Br = 21*7L 


P-PhthcdyUo-toi/ylhydrazide and ^-Phihcdyl-^-tolylhydrazidty 
^ tt CO-NH 

W“4\cO-N—\ and 

a-Phthalyl-o-tolylhydrazide and a-phthalyl-p-tolylhy dr azide have 
already been prepared by the interaction of phthalic anhydride and 
the corresponding tolylhydrazines; the former crystallises in small, 
tabular, monoclinic, bright orange crystals, which melt at 198®, and 
the latter in long, deep orange, prismatic crystals, which melt at 
196® (Chattaway and Wiinsch, loc, cit.). They are both easily con¬ 
verted into the corresponding /3-isomerides by heating in a sealed 
tube to 100 ® for eight hours with an alcoholic solution of the equi¬ 
valent amount of sodium ethoxide, and precipitating by acid. 

fi‘Phthalyl~Chtolylhydrazide is moderately readily soluble in hot- 
alcohol, and separates in colourless, compact crystals, which melt 
at 207® : 

0*2188 gave 20*8 c.c. N 2 (moist) at 13® and 751*5 mm. N = 11*10. 

C 15 H 12 O 2 N 2 requires N = 11-11 per cent. 

P-PhthalyU^-tolylhydrazide dissolves moderately readily in hot 
alcohol, and crystallises in very slender, colourless prisms, which 
melt at 225®: 

0*1438 gave 13*8 c.c. N 2 (moist) at 10® and 748 mm. N = 11-29. 


a- and ^-Phthalyl-'p-tolylcdlylhydrazideSj 

.C3H, , _CO-N-C„H, 




C,H,Me 


and C H << I * ^ 


These were prepared similarly to the corresponding phenyl 
compounds. 

(x-PhthalyJr^-tolylallylhydrazide is very readily soluble in hot 
alcohol, and crystallises in bright yellow, irregular, rhombic plates, 
which melt at 87®: 


0-2095 gave 17-6 c.c. Ng (moist) at 17® and 764 mm. N = 9*78. 

CigH igOgNg requires N = 9*6 per cent. 
^•PhihcdyV^-tolylcdlylhydrazidt is very readily soluble in hot 
alcohol, and <^stallises in colourless, six-sided prisms, which melt 
at 102 ®: 

0*1668 gave 13*8 c.c. Ng (moist) at 16® and 763 mm. N=9*67, 
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Acyl Derivatives of the Phthalylhydrazides. 

All tk© phthalylhy dr azide© containing hydrogen attached to 
nitrogen readily form colourless acyl derivatives. Several of these 
have been prepared from various members of the a- and j 8 -series 
of hydrazides by heating them for some hours with formic acid, 
acetic, propionic or n-butyric anhydride, or benzoyl chloride in 
sealed tubes. 

a-Phthalylformyl'phenylhy dr azide, CgH 402 ‘N'NPh*CH 0 , crystal¬ 
lises from alcohol in small, colourless rhombs melting at 185®: 
0*2418 gave 21*8 c.c. N 2 (moist) at 16® and 759 mm. N = 10*48. 

C 15 H 10 O 3 N 2 requires N —10*52 per cent. 
a-Phthalylacetylphenylhydrazide, C 8 H 402 lN'NPhAc, crystallises 
from alcohol in colourless, flattened, four-sided prisms melting at 
198®: 

0*2035 gave 17*5 c.c. N.^ (moist) at 18® and 759 mm. N = 9‘86. 
CiqHjoO^No requires N = 10*0 per cent. 

$-Phthalylacetylphenylhydrazide, ^6^4^^0‘^Ph’ crystallises 

from alcohol in colourless, prismatic crystals melting at 127®: 
0*2256 gave 20’1 c.c. No (moist) at 18® and 752 mm. N = 10*16. 

Ci(;TTio 03 N 2 requires N—lO’O per cent, 
a - Phthalylpro'pionylphenylhydrazidey C 8 H 402 lN*NPh*C 0 Et, 
crystallises from alcohol in colourless, four-sided plates melting at 
148®: 

0*2481 gave 20*3 c.c. No (moist) at 16® and 759 mm. N = 9*51. 

C 17 H 14 O 3 N 2 requires N —9*52 per cent. 
a-Ph t halyl-Ti-h utyryl jrh e nylhyd razide, C8H4 Oo IN • NPh • CO • C3H ^, 

crystallises from alcohol in short, white prisms melting at 126®: 
0*2312 gave 17*8 c.c. No (moist) at 17® and 748 mm. N = 8*78. 

Ci 8 nio 03 N 2 requires N = 9*09 per cent. 
a.-Ph thalyJforvi y/-p - 6 rovioph enylhydrazid e, 

CgH 402 :N-N(CcH 4 Br)-CH 0 , 

crystallises from alcohol in colourless, six-sided prisms melting at 
176®: 

0*2792 gave 0*1536 AgBr. Br-23-4. 

Ci 3 H 903 N 2 Br requires Br = 23*2 per cent. 

a-Phthcdylacetyl-p-hroinophenylhydrazide, 

CgH 40 o:N*NAc-CoH 4 Br, 

crystallises from alcohol in colourless prisms melting at 166®: 
0*1763 gave 0*0914 AgBr. Br-22*06. 

CjeH^O^NgBr requires Br=22*28 per cent. 
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a‘Phth(dylhmzoylr-^-hr(miophenylhydrazide, 

C 8 H 402 :N-NBz-C 6 H 4 Br, 

crystallises from alcohol in colourless, small rhombs melting at 
166®: 

0-2032 gave 0*0920 AgBr. Br = 19*27. 

C 2 iHi 303 N 2 Br requires 19*0 per cent. 
a-Phthalylformyl-(ytolylhydrazide^ C 8 H 402 ’N'N (C 6 H 4 Me)’CHO, 

crystallises from alcohol in colourless, long, slender needles melting 
at 112 °: 

0*1472 gave 12*5 c.c. N 2 (moist) at 10° and 754 mm. N = 10*0. 

Cif,Hj, 203 N 2 requires N = 10*0 per cent. 
a - Phthah/lacetyl - o - tolylhy dr azide, C 8 H 402 lN*NAc*CeH 4 Me, 

crystallises from alcohol in colourless, four-sided prisms melting at 
161°: 

0-2339 gave 19*3 c.c. N 2 (moist) at 18° and 759 mm. N = 9*51. 

C 17 H 14 O 3 N 2 requires N = 9*52 per cent. 
a - Phthalylhenzoyl - o - tolylhydrazide, CgH 4 O 2 tN*NBz*C 0 H 4 Me, 

crystallises from alcohol in colourless, stout, rhombic prisms melt¬ 
ing at 151°: 

0*2392 gave 16*2 c.c. No (moist) at 17° and 760 mm. N-7*85. 

C 2 OH 10 O 3 N 2 requires N = 7-87 per cent. 
a-PhthalylformyU^-tolylhydrazide crystallises from alcohol in 
long, colourless prisms melting at 180°: 

0-1776 gave 15*4 c.c. N 2 (moist) at 18° and 759*5 mm. N~9*99. 

Ci^HjoOgNo requires N = 10-0 per cent. 
a-PhthalylaceiyV^-tohjlhydrazide crystallises from alcohol in 
colourless, four-sided prisms melting at 151°: 

0*1872 gave 15*2 c.c. No (moist) at 17° and 759 mm. N = 9*4. 

C 17 H 14 O 3 N 2 requires N~9*52 per cent. 
a-Phthcdylhenzoyl-^-tolylhydrazide crystallises from alcohol in 
colourless prisms melting at 135°: 

0*1255 gave 8*4 c.c. Ng (moist) at 10° and 752 mm. N = 7-92. 

C 22 H 10 O 3 N 2 requires N = 7’87 per cent. 


Trams formation of a- into P-Phthalylphenylhydrazide, 

Although when the phenylhydrazinic acid formed by the com¬ 
bination of phenylhydrazine with phthalic anhydride loses water, 
the coupling probably takes place in two directions, leading to the 
production of the a- and of the j3-isomeride, the amount of the 
latter formed at temperatures between 100° and 170° is so small 
as to be unrecognisable. 
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The decomposition of the a-compound into phthalanil, nitrogen, 
and ammonia (compare Chattaway, Gumming, and Wilsdon, T., 
1911, 99, 1951), which becomes vigorous at temperatures above 
300^, takes place to a small extent at the lower temperature also, 
and it is very difficult to separate the constituents of the small, 
viscid residue left on evaporating the mother liquor from which 
the a-phthalylphenylhydrazide has crystallised. 

That neither a- nor ) 8 -phthalylphenylhydrazide is transformed 
appreciably into the other when heated alone was shown by heat¬ 
ing a few grams of each in sealed tubes to 250^ for six hours. 
On once crystallising the solidified mass, the original compound 
was obtained in a pure state. 


Transformation of a- into ^-PhtJialyljjhenylliydrazide hy Heating 
with an Alcoholic Solution of Sodium Ethoxide, 

Sodium (2-3 grams) was dissolved in 100 c.c. of alcohol, 23'8 
grams of a-phthalylphenylhydrazide were added, and the whole 
was heated on a water-bath for seven hours. After dilution with 
water, the filtered liquid was acidified with hydrochloric add, and 
the white substance which separated was recrystallised from alcohol. 
It separated in colourless, compact, irregular crystals, which melted 
at 211—212° (Found: C-TOffif); H = 4-40; N = ll-50. C 14 H 10 O 2 N 2 
requires 0 = 70*59; H = 4'20; N = 11*77 per cent.). The substance, 
therefore, is the ) 8 -phthalylphenylhydrazide described by Pellizzari 
(Gazzettay 1886, 16, 200). 

A number of similar experiments, in which portions of the boil¬ 
ing alcoholic sodium ethoxide solution were withdrawn from time 
to time and predpitated by hydrochloric add, showed that at first 
only phthalylphenylhydrazinic acid is obtained, iS-phthalylphenyl- 
hydrazide slowly making ita appearance, and increasing in amount 
until, after about five to six hours’ heating, it alone is present. 


Transformation of a- into ^rhthalylphenylhydrazide hy Heating 

with Glycerol. 

a-Phthalylphenylhydrazide was heated with about four times its 
weight of glycerol in an open tube for ten hours to 240°. On 
cooling, the mass was ground with water and well washed to 
remove the glycerol. The colourless solid remaining was dissolved 
in a cold dilute solution of potassium hydroxide, the liquid filtered 
and addified with hydrochloric add, and the white solid separating 
once crystallised from alcohol. 

It melted at 210° and when mixed with jS-phthalylphenylhydr- 
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azide, prepared from the a-hydrazide and sodium ethoxide, the^ 
melting point remained unaltered (Found: C —70*2; H = 4*47;. 
N = ir40. Calc.: 0 = 70*59; H = 4*20; N = ll*77 per cent.). 
Similar experiments were made in which the time of heating was- 
varied. These showed that the transformation takes place slowly,, 
about 50 per cent, being transformed in from five to six hours. 

On similarly heating a-phthaly Iphenyle thy Ihy dr azide with 
glycerol, no change occurred, the original o-compound crystallising 
out unaltered from a solution of the product in boiling alcohol, 
and no other substance separated on evaporation of the filtrate. 

The Queen’s College, 

Oxford. [Iteceived, May I 9 th , 1920.] 


LXXVII. — Ihe Acylation of T/nocarhamides, 


By Augustus Edward Dixon and John Taylor. 


It has frequently been observed that the A-acylation of thiocarb- 
amide is preceded by the fixation of the acyl radicle to the sulphur 
atom of the latter (Dixon and Hawthorne, T., 1907, 91, 127, 
145; Dixon and Taylor, ibid,, 914; 1908, 93, 29; 1912, 101, 2512 
et seq.; Dixon and Kennedy, this vol., 81), a phenomenon the 
mechanism of which may be represented by the typical scheme: 


2||.>C8 + A.X 


NH, 

nh; 


*>c;s< 

(I) 


Ac 


NH, 

NH 


>C-SAc 

( 11 .) 


NHj-CS-NlTAc 

(III.) 


On the other hand, in many cases no evidence is yet forthcoming 
that would justify such a view, the process apparently being accom¬ 
plished through direct attack of the nitrogen. This, it now 
appears, is due sometimes (and possibly always) to the instability 
of the sulphonium salt (I) in the circumstances of its formation. 

All such salts are readily dissociable by heat, with the elimination 
of HX, whence it follows that if a high temperature is essential to 
reaction, they are not likely to be discoverable in the product. 
Neither is the ^-base (II), compounds of this class being always 
rather unstable. Moreover, a sulphonium salt, although initially 
formed, may decompose, even in the cold; if so, a substance of type 
(III) will constitute the actual product, both the others possibl^r 
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escaping detection; in either case, iT-acylation will seem to have 
occurred directly. 

The acetylation of thiocarbamide by means of acetic anhydride 
is a case in point, heat being employed in the prooe^ (Nenoki, 
Ber.y 1873, 6, 599). As a matter of fact, reaction occurs spon¬ 
taneously at the ordinary temperature; the change, however, 
requires several days for its completion, and at no stage is there 
a detectable amount of any transition product. Thiocarbamide- 
acetyl acetate is evidently very unstable: a suspension of thiocarb- 
amide-acetyl iodide in cold acetone, when treated with sodium 
acetate, rapidly became clear, owing to the formation of sodium 

iodide, yet from the solution the salt, 

not be isolated, the product being merely acetylthiocarbamide. 

Nevertheless, that the salt is capable of temporary existence may 
be inferred from another observation. Thiocarbamide and acetyl 
pi crate, both in glacial acetic acid solution, show no tendency to 
unite, even after some days’ keeping, but when acetic anhydride 
is added to the mixture, a deposition of thiocarbamide-acetyl 
picrate soon commences, the reaction within a few hours being 
complete. The acetyl picrate, therefore, although it fails to unite 
with the thiocarbamide, reacts with some material produced from 
the latter by the anhydride, capturing it at once, and thus pre¬ 
cluding its normal change into acetylthiocarbamide. Manifestly, 
that material is either thiocarbamide-acetyl acetate or the corre¬ 
sponding i/'-base (acetyl picrate does not combine with acetylthio¬ 
carbamide, and, if it did, the product would not be thiocarbamide- 
acetyl picrale). 

When, instead of acetic acid, dry acetone is used as solvent, the 
same phenomena occur; but the yellow precipitate, if kept in con¬ 
tact with the liquor, presently redissolves, and later, acetylthio¬ 
carbamide is deposited. Thiocarbamide-acetyl picrate, therefore, 
although producible in contact with acetone, gradually surrenders 
to it the elements of the conjoined picric acid, whereupon, -as usual, 
the acetyl group of the resultant ^-base migrates from sulphur to 
nitrogen. The analogy between the result just mentioned and the 
foregoing results with {a) thiocarbamide and acetic anhydride, 
and (5) thiooarbamide-acetyl iodide and sodium acetate, requires 
no comment. 

Observing the production of '' diacetylthiocarbamide ’’ from 
thiocarbamide and acetic anhydride at 130° to be facilitated by the 
passage of hydrogen chloride into the mixture, E. A. Werner con¬ 
clude® (T., 1916, 109, 1128) that the acid transforms the aoetyl- 
thiocarbamide into a ^-configuration, MeCO*NH*C(INH)*SH, 
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assumed to be mare susceptible of attack by the anbydride. It is 
far from certain, however, that the hydrogen chloride acts solely 
on the acetylthiocarbamide, for, at a temperature much lower than 
130°, it converts acetic anhydride freely into acetyl chloride, a 
more active substance than the anhydride. However that may be, 
the fact is that, in promoting the reaction, acetyl chloride serves 
just as effectively as hydrogen chloride. 

The constitution, MeCO*NH*C(INH)*S*COMe, proposed by him 
for diacetylthiocarbamide'' being apparently open to doubt, 
attempts were made to learn whether the acetylbutyryl derivative 
(from acetylthiocarbamide and butyryl chloride on the one hand, 
and from butyrylthiocarbamide and acetyl chloride on the other) 
could exist in two isomeric forms. The experiments were un¬ 
successful, as were similar ones in which it was sought to produce 
acetylbenzoyl derivatives. 


isoThiohydantotrus . 


As regards the behaviour of (say) chloroacetic acid (Ray and 
Fernandes, T., 1914, 105, 2160) or of its esters (Taylor, this 
vol., p. 4) towards thiooarbamide, there is no reason to doubt the 
essential simplicity of the mechanism, represented by the scheme: 




NH, 


T„.- 


Much less simple is the mechanism when (say) chloroacetyl 
chloride is caused to react with thiooarbamide or with its mono- 
or di-substitution derivatives, whereby, too, /^othiohydantoins are 
produced (Dixon and Taylor, T., 1912, 101, 570). That is, the 
collocation, •S'CHg'CO', becomes developed, a result that would be 
intelligible if the components could yield initially the additive sub¬ 


stance, COCl Hitherto, indeed, changes of the 

kind have been represented as occurring on lines more or less 
consistent with such a view, and it is only of late that, by the 
authors at least, its inherent difficulties have been recognised. 

For example, methylthiocarbanilide with chloroacetyl chloride 


yields, not 


MePhN 

PhNH 


>o:s< 


CH,-C0C1 , . 
01 • 


MePhNv.-_^CO-UlI»Cl 


(Dixon and Taylor, T., 1912, 101, 570), a result in keeping with 
the superior activity of the 'COCl fraction of the molecule. With 
chloroacetyl chloride, too, the speed of reaction is high, just as it 
is with acid chlorides in general, whereas, unless assisted by heat, 
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the reaction of a thiocarbamide with a halogenised add or ite 
ester is relatively very slow. On these grounds, one might expect 
the formation of wothiohydantoin from thiocarbamide and chloro- 
acetyl chloride (if it tahes place on the lines previously supposed) 
to require at least some hours in the cold; further, by operating 
in the cold, one might hope, in that case, to isolate the presumable 
additive salt foi'mulated above. 

In practice, when bromoacetyl bromide was added to a s^ution 
of thiocarbamide in acetone, i«othiohydantoin hydrobromide was 
precipitated at once, a result tolerably decisive in showing that 
the fraction, •CH 2 Br, was not the primary agent in the change, but 
•COBr instead. If so, and notwithstanding that ^’^othiohydantoin 
had been generated, it remained now to be shown that the latter 

proceeded indirectly, from a compound, ^HgBr 

Ultimately, by operation with glacial acetic acid as solvent, that 
compound was isolated, chloroacetyl bromide in like circumstances 

furnishing CHgCl^ dissolution in water, they 

yielded thiocarbamide, hydrobromic acid, and bromo- or chloro- 
acetic acid respectively, but with alkali hydroxide afPorded no 
trace of a-thiolacetic acid, and hence contained no material in¬ 
cluding the •S’CHo’CO* complex. As might have been expected, 
however, they soon changed when kept in contact with acetone, 
the respective products being u’othiohydantoin hydrobromide and 
isothiohydaiitoin hydrochloride. 

Of these facts, the explanation, in the light of those acquired in 
other researches, is now patent. From the additive salt, acetone 
withdraws the halogen conjoined with sulphur, the product, a 
j//-base, NH2*C(*.NH)*S*C0*CH2X (X== halogen), changing, by the 
usual migration of the acyl group, into Nn 2 *CS*NH*CO’CH. 2 X. 
No matter how formed, a compound of such type (or, for a matter 
of that, even of the type NH 2 ’CS*NH*CHo’CH 2 X; see Gabriel, 
1889, 22, 1148) is incapable of existence in ordinary circum¬ 
stances, changing at once into a cyclic isomeride, the essential 

N*C 

nucleus of which is N‘C<^ « (Dixon, T., 1897, 71, 621 ti scg.). 

On the principles now suggested, the explanation of this last 
change is not far to seek, because, in a molecule such as 
NHg-CS-NH-CO-CHgX, 

the fractions, •CHo* and 'X, by uniting with the sulphur atom, 
NH’CO 

could yield formula which the authors take as 

beat expressing the constitution of an ^sothiohydantoin salt. 

D D* 2 
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Why chloroacetyl chloride when heated with a suitable thio- 
carbamide yields an wothiohydantoin is now clear, for the 
sulphonium salt, initially formed, since it loses haloid acid by mere 
contact with acetone, must very readily be dissociable by heat. 
How pyridine facilitates acylation in the cold (Dixon and Taylor, 
T., 1912, 101, 2518) is equally clear: it removes from the 
sulphonium salt the elements of an acid, without hydrolysing the 
resultabt acylated i/'-base. 


tj/-Thiocarhamidts. 


From methyl-i//-thiocarbamide and benzoyl chloride, in the 
presence of alkali hydroxide, Johnson and Jamieson (^Amer. Chem. 

1906, 36, 297) obtained the compound (PhCO) 2 N'C(INH)*SMe. 
On the other hand, in the absence of an alkali, benzyl-i/>-thiocarb- 
amide, even with a large excess of acetyl chloride, yields only the 
additive compound, CSNgHa'CHoPhjMeCOCl, from which, on the 
withdrawal of hydrogen chloride, there results a monoacylated 
derivative of the t/'-thiocarbamide. Whether the additive com 


pound is 




CH.Ph 

COMe 


or (more likely) 


NHj 

MeCO-NH 


>c:s< 


CffjPh 

Cl 


matters little: in either case, the sulphur atom, by the absorption 
of a single molecule of the acid chloride, has become fully charged, 
and until a condition is established favourable to the elimination 
of hydrogen chloride, further acetylation is barred. 

A case not here touched on, except incidentally, is the 
behaviour of acylating agents with thiocarbamides containing a 
well-marked electronegative group. In this connexion, owing to 
the difficulty with which the substances combine spontaneously 
(Dixon and Hawthorne, T., 1907, 91, 141), little is yet known of 
the mechanism. 

Thiocarbamides containing an NH^-substituent (thiosemicarb- 
azides) combine directly with acetyl chloride, yielding well-marked 
salts, from which, on the withdrawal of hydrogen chloride, A-acetyl 
derivatives are produced (McKee, T., 1915, 107, 1133). In these, 
not only the acetyl radicle, but also a phenyl group, can migrate 
from one point to another within the molecule. 


Expe rimental. 

I. Thiocarbamide-acetyl cshloride was dissolved in cold 
pyridine, the solution when acidified with dilute acetic acid 
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depositing acetylthiocarbamide. Heat, therefore, is not essential 

to the transformation, ^^>C-S*COMe —> NHa-CS-NH-COMe. 

By boiling for an hour with acetone, the same change is effected. 
Aniline behaves differently, heat being evolved, with the produc¬ 
tion of acetanilide, but ready-formed acetylthiocarbamide is 
practically unaffected by aniline, even on heating. 

II. Finely sifted thiocarbamide was kept at the ordinary 
temperature in contact with excess of acetic anhydride. Gradu¬ 
ally, the powder disappeared, its place being taken completely, 
after the lapse of a week, by large, transparent, rhombic prisms. 
Neither they nor the liquor in which they were formed yielded at 
any time a precipitate with aqueous picric acid; hence, neither 
thiocarbamide-acetyl acetate nor acetyl-i/'-thiocarbamide was 
present in quantity. The crystals consisted of almost pure acetyl¬ 
thiocarbamide (yield, 52 per cent, of the theoretical), and from 
the liquor, on concentration, a further amount of slightly impure 
material was obtained. 

Acetylthiocarbamide with dilute acetic acid and sodium nitrite 
yields in one minute a scarcely perceptible trace of thiocyanic 
acid; in like circumstances, thiocarbamide (compare Werner, T., 
1912, 101 , 2183) gives a well-marked reaction in less than thirty 
seconds. 

III. From thiocarbamide dissolved in acetone and acetyl iodide, 

crystals of the additive salt, • were deposited. 

It melted and decomposed at about 106^, and yielded a 'picratCy 
but was soon resolved by cold water into thiocarbamide, acetic 
acid, and hydriodic acid (total acid found —13/14ths of that 
calculated). 

A suspension of the salt in dry acetone, when treated with one 
molecular proportion of dry sodium acetate, rapidly became clear, 
sodium iodide passing into solution (sodium acetate is practically 
insoluble in acetone). The solution, which gave no precipitate 
with aqueous picric acid, and hence no longer contained thiocarb- 
amide-acetyl iodide, was concentrated at a low temperature to 
expel most of the acetone; it now had the pungent odour of acetic 
acid, and presently yielded crystals of acetylthiocarbamide. 

When the experiment was performed with thiocarbamide-acetyl 
chloride, instead of the iodide, scarcely any sign of interaction was 
percjeptible in the cold. On heating, acetylthiocarbamide was pro¬ 
duced, together with sodium chloride, a result not necessarily due, 
however, to reaction between the first-named material and the 
sodium acetate (see I). 
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IV. From a solution of tliiooarbamide in acetone, on treatment 
with, isobutyryl cshloride, the additive salt, 

was precipitated in flattened, lustrous needles melting, with 
effervescence, at 115—117°, and yielding with aqueous picric acid 
a bright yellow 'picrate^ hydrolysed by warming with water 
(Found: Cl = 19‘25. C 5 HiiON 2 ClS requires Cl = 19-5 per cent.). 
By heating at 120—130° until effervescence ceased, and recrystal¬ 
lising the product from water, wobutyrylthiocarbamide was 
obtained in pearly leaflets melting at 111—112° (Found: S = 21-92. 
Calc.: S=21*91 per cent.). 

An attempt, by heating the latter with acetyl chloride and 
glacial acetic acid, to produce a derivative containing both acetyl 
and f^abutyryl was unsuccessful; neither did acetylthiocarbamide 
when heated with wobutyryl chloride yield the expected diacyl 
compound. 

V. Acetylthiocarbamide when heated under reflux with benzoyl 
chloride in the presence of glacial acetic acid in a bath at 
130—150° gave a solid, from which chloroform extracted a crystal¬ 
line, yellow substance melting at 105°, and consisting, apparently, 
of the acetylbenzoyl derivative (Found: S = 14*4. Calc.: 8 = 14*42 
per cent.). From benzoylthiocarbamide, however, similarly heated 
with acetyl chloride and acetic anhydride, nothing was obtained 
except benzoic acid and diacetylthiocarbamide. 

VI. Into acetic anhydride at 115° excess of hydrogen chloride 
was passed, the solution, when distilled, yielding acetyl chloride in 
quantity. When the experiment was repeated, at 130°, with thio- 
carbamide in solution, the phenomena described by Werner (T., 
1916, 109 , 1128) were verified, the product being a diacetyl 
derivative. 

VII. Acetyl chloride was substituted for hydrogen chloride in 
an experiment similar to the last, the phenomena being visually 
the same as before, and from the solution, after it had been con¬ 
centrated in a vacuum over sodium hydroxide, the same diacetyl 
compound was obtained. A like result followed when acetyl 
chloride was heated for some time with a solution of acetylthio¬ 
carbamide in glacial acetic acid under reflux. 

VIII. A solution of picric acid in acetic anhydride, when kept 
for a few hours in contact with finely powdered thiocarbamide, 
transformed the latter completely into thiocarbamide-aoetyl 
piorate melting at 120° (Found: 8 = 9-2. Calc.: 8=9*21 per 
cent.). 

Ready-formed acetyl picrate and thiocarbamide, each dissolved 
in glacial acetic add, showed, after two days’ keeping, no sign of 
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int^iraction. When acetic anhydride was added to the mixture, 
crystals of thiocarbamide-acetyl picrate began to separate in the 
course of an hour or so, and, after about seven hours, were collected, 
the filtrate remaining permanently clear. 

IX. Bromoacetyl bromide, when added to a cold solution of 
thiocarbamide in acetone, yielded a sandy, white powder readily 
soluble in water, and giving all the reactions of wothiohydantoin 
hydrobromide (Found: 8 = 16*2; HBr = 41-4. Calc.: 8 = 16*24; 
HBr = 4ril per cent.). 

X. The preceding experiment being repeated with glacial acetic 
acid as solvent, white needles of the additive compound, 

NHnV. ^.j2^CO*CHoBr 

were deposited, highly deliquescent and readily soluble in water. 
The very acid aqiieous solution yielded with picric acid only a 
slight precipitate, but contained hydrobromic and bromoacetic 
acids, together with thiocarbamide. It gave no precipitate when 
neutralised, and, after short boiling with dilute alkali hydroxide, it 
did not give Andreasch’s reaction (Ber,, 1879, 12, 1385) for a-thiol- 
acetic acid, and hence contained no detectable trace of isothio 
hydantoin (Found; 8 = 12*2. C^H^jONoBroS requires 8 = 11*51 per 
cent. Total acid = 39/40ths of that calculated). 

The salt, when kept for an hour in contact with dry acetone, 
changed little in appearance, except that it became granular; the 
residual solid, now no longer deliquescent, gave all the usual reac¬ 
tions of wfothiohydantoin hydrobromide, inchiding the formation of 
a picrate, not hydrolysed by heating wdth water, but reappearing 
when its solution was cooled. 

XI. When the last experiment was repeated, but with chloro- 
acetyl bromide, a similar additive compourid was obtained in 
rosettes of white prisms, decomposing at 110—112'^ (Found: 
Br-f-Cl = 49*5. CaH^pNoClBrS requires Br+Cl = 49*46 per cent.). 
By dissolution in water, it gave thiocarbamide, hydrobromic acid, 
and chloroacetic acid, but not instantaneously, for the solution, if 
mixed at once with picric acid, yielded a bright yellow picrate, 
hydrolysed by gently heating with water. On contact with dry 
acetone, the substance lost the elements of hydrogen bromide, the 
residual solid - consisting mainly of 7,<?othiohydsntoin hydrochloride 
(a trace of hydrobromide was also present); consequently, the 

original salt had the configuration CHjCl^ 

XII. To benzyl-t/>-thiocarbamide in acetone a large excess of 
acetyl chloride was added, the white precipitate at first formed 
dissolving as the addition was continued. On cooling, rosettes of 
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slender needles were deposited, melting and decomposing at 
140—142°, and having the properties to be expected of an additive 
salt. Notwithstanding that a great excess of the chloride had been 
used, a single molecular proportion alone reacted, the product 
being CSN 2 H 3 *CH 2 Ph,MeCOCl (Found: Cl = 14*7. CioHisONgClS 
requires 01 = 14*52 per cent.), and from it the monoaoetyl base was 
liberated by means of calcium carbonate (Found: S = 15*6. 
CioHi 20N2S requires S= 15*38 per cent,). It melted at 132°; but 
the same base, prepared from acetylthiocarbamide and benzyl 
chloride, shrank at 125° and melted at 128° (Found: S = 15‘5). 

The substance, presumably NH 2 *C(!N*COMe)*S*CH 2 Ph, was 
obtained in such poor yield (sometimes none at all) as to defeat 
projected experiments on its further possible combination with 
acetyl chloride. 

Chemistry Department, 

University College, Cork. {Received, May 20th, 1920.] 


LXXVIII .—A New Series of Nitrogenous Compounds 
obtained from Camphoroxalic Acid. 

By Percy Chorley and Arthur Lapworth. 

When nitrous acid reacts with compounds containing the group 
•CO'CHR'CO*, the nitroso-compounds, •CO*CR(NO)'CO*, which 
are doubtless the initial products in all instances, tend to absorb 
the elements of water (or alcohol), with simultaneous severance of 
a bond ” between two of the carbon atoms in the second structure 
above depicted, yielding *00211 (or •C02Et) and •CR(INOH)*CO*. 

In the oourse of experiments which were instituted for the 
purpose of simplifying the methods at present available for con¬ 
verting ketones into their ifonitroso-derivatives, the action of 
nitrous acid on camphoroxalic acid was studied. It was anticipated 
that the nitroeo-oompound (I) of this substance would show com¬ 
plete analogy to the nitroso-derivatives of substituted malonic and 
acetoaoetic acids, and become converted, with absorption of the 
elements of water, either into Monitrosocamphor (II) and oxalic 
acid, or into the wonitroso-acid (III). 

^8 

(L) (II.) (in.) 

A transient blue colour, doubtless that of the nitroso-compound 


C.H,.<gf 


NOH 


C(:noh)-co-co,h 
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(1) , is observed when nitrous acid acts on oamphoroxalic acid in 
aqueous solution. A small quantity of ^anitrosocamphor (II) is 
formed, but the main quantity of the nitroso-compound decomposes, 
with the elimination of carbon dioxide and the formation of a 
crystalline acid (^j), C 11 HJ 7 O 4 N, apparently in accordance with 
the equation 

+ HoO = CiiH.AN + CO2. 

The properties of the new acid are very difficult to reconcile 
with any quite straightforward assumptions as to its structure. 
It evinces remarkable stability towards both acids and alkalis; hot 
concentrated hydrochloric acid has no appreciable effect on it; 
boiling 50 per cent, aqueous potassium hydroxide, after prolonged 
contact, does not cause elimination of ammonia or hydroxylamine, 
but merely converts it into an isomeric acid the properties of 
which so closely resemble those of the original compound as to 
leave little or no doubt that the isomerism is steric in character. 

The most important properties of the acid (.4 3 ) are the 
following: 

(1) It is a monobasic acid with distinct amphoteric characters. 

(2) It reacts very readily with phosphorus pentachloride, and the 
product is at once converted by water into the original acid. (3) It 
yields camphoric acid when oxidised. (4) It is devoid of ketonic 
or aldehydic properties. (5) It is easily reduced by ferrous hydr¬ 
oxide in the presence of alkalis, although many of the ordinary 
reducing agents are without appreciable effect on it. ( 6 ) It gives 
an intense red coloration with aqueous ferric chloride. 

The behaviour of the acid (.4^) on methylation is very significant. 
When methylated with methyl sTilphate and alkali, it is converted 
into (a) a monomethyl derivativewhich is capable of expelling 
carbon dioxide from aqueous sodium carbonate, but gives no color¬ 
ation with ferric chloride, and (h) a dimethyl ‘'derivative’' which 
is devoid of all acid properties, gives no coloration with ferric 
chloride. 

The methyl groups in the dimethyl “derivative” are evidently 
both attach^ to oxygen, and not to nitrogen, for when this com¬ 
pound is hydrolysed by means of alkalis, the whole of its nitrogen 
is liberated in the form of ammonia, and no trace of methylamine 
can be detected. The coloration with ferric chloride which the 
original acid and its monomethyl “derivative” afford, indicates 
very clearly that in these two compounds there is present a group¬ 
ing of the enol type, that is, C!C(OH)* or •NIC(OH)*. On the 
other hand, the pronounce^ acidity of the acid and of its mono- 
methyl derivative ” points to the presence in their molecules of 
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the free carboxyl group, a conclusion with which the behaviour of 
the acid towards phosphorus pentachloride is in entire agreement. 
The following formulae serve to indicate the relation between the 
monomethyl derivative (IV)» the true monomethyl ester, 
hitherto not isolated (V), and the dimethyl “derivative'^ (VI). 
The sign is used to emphasise the conclusion that the oxygen 
atom is associated with doubly-bound carbon (enol type of 
structure). 

MeO^"-C,oHi,ON-C02H 

(IV.) (V.) 

MeO^^-CjoHi^ON-COgMe 

(VL) 


The ease with which the acid (^tj) is reduced by means of ferrous 
hydroxide affords evidence that the nitrogen atom is directly 
attached to oxygen, but as the reactions of the compounds exclude 

the occurrence of the groups >-C!NOH and *C*NH*OH, it must 

be inferred that the complex >>N*0* is present as part of a ring. 
The ready response to alkaline ferrous hydroxide shown by certain 
i^ooxazolones, which also have this structural peculiarity, has 
previously been noticed (T., 1907, 91, 1919). 

Whilst the original acid (it^) is remarkably stable towards 
alkalis, the dimethyl derivative is readily hydrolysed by them, with 
evolution of ammonia and formation of a dibasic acid, 
C 9 Hi 40 (C 02 H) 2 , in accordance with the equation: 

O11H27O4N 4* H2^ ~ ^oIIl4^(^^2^)2 ‘t 1703 . 

This substance has all the characters of an a-ketonic acid, and is 
readily oxidised by lead dioxide or manganese dioxide in aqueous 
solution. Its oxime when heated loses water and carbon dioxide, 
and is converted into a-camphornitrilic acid (IX), which observ¬ 
ation decides the structure of the ketonio acid as (VII), and that 
of the oxime as (VIII). 




CO-CO.H „„ ^c(:noh)-co,h 

CO,H 

(vn.) (vni.) 




(DC.) 


ON 
CO^H 


Additional light was thrown on the structure of the acid (A^) 
by a study of the product which is obtained on reducing it with 
alkaline ferrous hydroxide. This product is a monobasic acid, 
CiiHi 703 N, and is formed by the simple withdrawal of one atomic 
proportion of oxygen from the molecule of the parent acid. The 
new substance is extraordinarilv stable towards powerful acids and 
alkaline hydrolytic agents, but its silver salt decomposes fairly 
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regularly in a stream of carbon dioxide, and tbe distillate consists 
almost wholly of a-camphidone (XI). 

The properties of the monobasic acid are readily explained an 
the assumption that it is the monocarboxylic acid of a-camphidone 
(XI), and consideration of the relation of the prasent series of 
compounds to nitrosocamphoroxalic acid (I) and to a-ketohomo- 
camphoric acid (VII) shows that the structure of the camphidone- 
ca/rhaxylic acid is represented by (X). 


OHj-CH-CH-COgH 

! CMe, NH 
I I I 
CHj-CMe-00 

(X.) 


(XL) 


CH 2 -CH-C<^ 

(^Me, 

C!H„*r’Me-CO- 

(XII.) 


It has been already remarked that in the formation of the acid 
(vlj) from camphoroxalic acid, the nitroso-compound (I) represents 
an intermediate step. This, taken in conjunction with the con¬ 
version of into camphidonecarboxylic acid (X) on the one 
hand, and into a-ketohomocamphoric acid (VII) on the other, leaves 
no reasonable doubt that the acid (A j) and its derivatives contain 
the structure (XII). 

In order to satisfy the further conditions: (1) that the molecule 
includes the structure N*0* as part of a ring, and ( 2 ) that one 

carboxyl group is present, one of the two following skeleton struc¬ 
tures must be selected as the framework of any structural formula 
for the acid (il^) : 




.<CO,H 


CO -0 

(XIII.) 




(XIV.) 


CH„-CH-CH-CO,H 

I ' I 

CMe, NIL 
I I ' >0 

CHo-CMe-CO 

(XV.) 


The only possible structural formula for a compound, C 11 H 17 O 4 N, 
based on (XIII) is (XV). 

This is, however, wholly incompatible with the behaviour of the 
substance on methylation, as the lactonic carbonyl group would 
be attached to a quaternary carbon atom, and such a structure 
cannot be considered capable of existence in an enolic form with¬ 
out doing violence to all accepted canons. Formation of a 
dimethyl ester would necessitate the absorption of the elements of 
water, and this does not occur. 

The authors, after very long consideration, have been forced to 
adopt (XIV) as the basis of a formula for the ultimate product 
obtained by the action of nitrous add on camphoroxalic add. On 
this basis, several tautomeric'' forms are possible for the adds 
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and A 2 , and these, without introducing various other possi¬ 
bilities suggested by internal-salt formation, are as follows: 

I CMe, or C0,H-C3H„-C< 

CHg-UMe-COsH 

(XVI.) (XVI.) 

C 03 H-C 3 H„-CH<^^^>C) C0,H-C3H,,-C(0 H )<^”>() 

(XVII.) (XVIII.) 

(XIX.) 

Of these, probably (XVI) and its ketonic form (XVII) are much 
to be preferred, as (XVI) is the only one which contains the true 

enol grouping *0(011)towards which the properties of the 
acids AI and A 2 significantly point. On the other hand, (XVIII) 
and (XIX) cannot yet finally be excluded, and they recall the 
structures which have long been adopted as the most satisfactory 
ones for anthranil, anthroxamic acid, and especially for the oxy- 
anthranil or benzwooxazolone of Bamberger and Pyman {Ber., 
1909, 42, 2299). 

In each of the above formulae there is present a fourmembered 
heterocyclic nucleus never previously identified in any compound, 
and until further instances of the structure come to light, the 
question of a suitable nomenclature for the present series of 
substances may be deferred. 

It is worthy of note that the formation from the nitroso-com- 
pound (I) of a substance having any of the structures (XVI), 
(XVII), (XVIII), or (XIX) is associated with an engagement 
between the nitroso-group and the ketonic carbon atom in the 
complex, •C0*C02H. This renders it easy to understand what is 
otherwise incomprehensible, namely, why carbon dioxide should 
be eliminated during the formation of the acid (^4^), for the rela¬ 
tions of the carbon atom to which the carbonyl group is attached 
are fundamentally altered by such an engagement. Such a con¬ 
sideration lends considerable weight to the more formal reasons 
which independently led the authors to reject (XV) and all other 
formulae than those containing the four-membered rings. 

The isomerism of the acids A^ and A 2 is probably not such as 
exists, for example, between any two of the four adtemative 
formulae above given. It is more likely that both acids are ex¬ 
pressed by the same plane formula, and differ only in the spaoial 
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relations of the atoans and groups about the four-membered ring. 
It is not impossible that the stereochemistry of the nitrogen atom 
is here involved. 

The reduction of the acid to a-camphidonecarboxylic acid 
by means of alkaline ferrous hydroxide is understood readily 
enough with the aid of formula (XVI) in association with the fact 
that this agent converts the group even when present as 

part of a ring, into >-NH, if necessary with ring scission. Thus 
(XVI) becomes reduced to 

which would at once, on acidification, undergo conversion into its 
lactam, and the latter is nothing else than the a-camphidonecarb¬ 
oxylic acid (X) in question. 

Adopting (XVI) for the acid the structure of the acid methyl 
‘'derivative” of this becomes 


The mechanism by which this substance yields ammonia, methyl 
alcohol, and a-ketohomocamphorio acid on treatment with alkali is 
somewhat obscure, but, as it involves the intramolecular reduction 
of an group, it is perhaps not distantly related to the 

" Beckmann change ” of oximes. A simple rearrangement of the 
bonds in the four-membered ring of the above structure corresponds 
with such a reduction, and furnishes a new structure which 
obviously represents the imino-derivative (XX) of a-ketohomo- 
camphoric methyl ester (XXI), which on hydrolysis would, of 
course, yield exactly the products actually observed. 




L\/ 

^NH 

•<c^o 

and 

'^OMe 

\OMe 



(XX.) 


•o 

+ H,0 ^ 



\OMe 

(XX.) 


^\OMe 


Experimental. 

Ethyl camphoroxalate was prepared by the action of sodium on 
a mixture of ethyl oxalate and camphor (compare Tingle, 

Chetn. J., 1897, 19 , 393), but in working up the product con¬ 
siderable improvements were effected by subjecting the crude 
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mat-erial to th© action of a current of steam for about fifteen 
minutes. The latter treatment removes unaltered camphor with 
other volatile impurities, and the residual oil, collected and exposed 
over sulphuric acid in a vacuum for some hours, crystallises, if 
subsequently cooled in a freezing mixture, and then merely requires 
draining on porous earthenware before crystallisation from light 
petroleum. 

To obtain camphoroxalic acid, the crude product, after treat¬ 
ment with steam, can with advantage be hydrolysed by leaving it 
in contact with 10 per cent, cold aqueous potassium hydroxide for 
three days. Subsequent addition of dilute sulphuric acid causes 
precipitation of camphoroxalic acid in a state sufficiently pur© for 
most purposes. 

Formation of the Acid Aj, 

Camphoroxalic acid (20 grams), dissolved in a 10 per cent, solu 
tion of aqueous sodium hydroxide (40 c.c.), is mixed with a 10 per 
cent, solution (63*8 c.c.) of sodium nitrite. Ten per cent, hydro¬ 
chloric acid (100 c.c.) is then added very slowly below the surface 
of the liquid, when at first each small addition produces a white 
precipitate, which almost at once dissolves, forming an intensely 
green solution. This colour is not very fugitive at 10°, but at the 
ordinary temperature rapidly changes to yellow; it is not in any 
way due to free nitrous acid, as the solution does not react with 
starch—potassium iodide paper; the phenomena rather indicate the 
presence of a true nitroso-compound. 

The continued addition of hydrochloric acid, which should occupy 
in all about ninety minutes, ultimately leads to the evolution of 
carbon dioxide and the separation of a brown oil, which contains 
free camphor, camphorquinone, and camphoroxalic acid. The 
aqueous liquor is separated from the oil and evaporated under 
diminished pressure nearly to dryness, during which process an 
appreciable quantity of camphorquinone at first passes over. The 
concentrated residue deposits a white solid when cool; the latter is 
removed, drained, extracted with ethyl acetate, and the extract 
filtered and cooled. A mass of white needles is then obtained, the 
quantity of which can be increased by further similar treatment 
of the filtrate, and the total yield approawJies 77 per cent, of that 
theoretioally possible. 

The new substance is best purified by crystallisation from ethyl 
acetate, from which it reappears as a felted mass of needles. It 
dissolves freely in water, forming a strongly acid solution, and it 
is freely soluble also in alcohol, acetone, ethyl acetate, or chloro- 
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form; it is not freely dissolved by ether, and is insoluble in benzene 
or light petroleum. 

Hydrochloric acid greatly increases the solubility of the com¬ 
pound, which therefore displays a basic as well as an acid 
character. 

The crystals from ethyl acetate contain solvent of crystallisa¬ 
tion, which, however, is rapidly lost on exposure to the atmosphere. 
A specimen left until constant in weight was analysed (Found: 
C = 58*2; H = 7-6; N = 5*9. M.W. = 230. C 11 H 17 O 4 N requires 

0 = 58*2; H = 7*5; N- 6*2 per cent. M.W. = 227). 

0*1605 Gram required 28*3 c.c. of 0*0248 A-NaOH for neutral¬ 
isation, using phenolphthalein; equivalent = 229. A monobasic 
acid, has the equivalent 227. 

0*6388 Gram dissolved and made up to 10 c.c. with absolute 
alcohol at 17^ gave aj^ 0*39^ in a 1-dcm. tube, whence [a]lJ 6*10®. 

The pure compound melts at 160°, simultaneously evolving 
carbon dioxide and leaving a residue devoid of acid characters, but 
still more decidedly basic than the original substance. It is 
remarkably stable towards acids, and no change could be detected 
in it after prolonged boiling with saturated aqueous hydrochloric 
acid or after heating for six houis on the water-bath with concen¬ 
trated sulphuric acid or aqueous hydrobromic acid. Hydrogen 
peroxide had no effect on it, but nitric acid oxidised it to camphoric 
acid with great facility. It is vigorously attacked by phosphorus 
pentachloride in dry ether, hydrogen chloride being copiously 
evolved; but the product, on treatment with ice-water, is at once 
converted into the original acid, and this suggests that the product 
in question is the normal carboxylic chloride. 

The acid in aqueous solution gives an intense violet-red color¬ 
ation with ferric chloride. It does not reduce Fehling’s solution 
even after prolonged boiling with hydrochloric acid. No oxime, 
semicarbazone, or hydrazone could be prepared from it. Under 
certain conditions it reacts, in the presence of alkali, with toluene- 
sulphonyl chloride, yielding an unstable, non-acidic oil, which dis¬ 
solves in dilute hydrochloric acid; the true nature of this oil and 
the precise conditions necessary for its formation have not been 
determined. 

The dilute solution of the sodium salt gives no precipitates with 
salts of silver, mercury, or barium, but with copper acetate it yields 
a bright green precipitate, which is soluble both in alcohol and 
chloroform • with lead acetate, a white salt is deposited unless the 
dilution is exccsavo. 



736 OHORLEY AND LAPWOBTH ! A NEW SERIES OE NETROOENOtTS 


Formation of the Isomeric Acid A^, 



This is formed when the original acid (10 grams) is boiled 
for twenty-four hours with a 50 per cent, solution of potassium 
hydroxide (100 c.c.). It is isolated by Ewsidifying with hydrochloric 
acid and extracting with ether, and crystallises from ethyl acetate 
in colourless prisms, which are free from solvent of crystallisation 
(Found: C-57*9; H = 7*6; N = 6-2. requires C = 58-2; 

H = 7*5; N — 6'2 per cent.). 

0*1738 Gram required 6T5 c.c. of 0*01240 A^-NaOH for neutral¬ 
isation, using phenolphthalein; equivalent—227. Calc., 228. 

0*3809 Gram, dissolved and made up to 10 o.c. with absolute 
alcohol, gave aj^ 0*99° at 17° in a 1-dcm. tube, whence [a]26*99°. 

The substance melts and decomposes at 205°, evolving carbon 
dioxide and leaving a basic residue; it closely resembles the 
isomeride in all essential chemical characters and in its behaviour 
towards solvents. In .aqueous or alcoholic solution, it gives intense 
violetr-red colorations with ferric chloride, and when dissolved in 
aqueous sodium hydrogen carbonate it instantly decolorises 
potassium permanganate. It is not appreciably hydrolysed by 
either hot aqueous alkalis or acids. The salts are freely soluble in 
water, with the exception of that of lead. 

The acid behaves towards methyl sulphate and alkali in much 
the same manner as does the isomeride; no serious attempt has 
been made to purify the product, which is usually oily, but it was 
observed that it readily evolved ammonia when boiled with 50 per 
cent, potassium hydroxide. The similar behaviour of the isomeride 
in these circumstances is described later. 


Thermal Decomposition of the Acid A^. 

When the original carboxylic acid is heated above its melting 
point, it evolves carbon dioxide and leaves a resinous mass. The 
product obtained by heating 90 grams of the acid at 160—170° for 
forty-five minutes dissolved completely in concentrated hydrochloric 
acid, but the solution, when dilul^, deposited a considerable 
amount of tarry matter easily separated by filtration; the filtrate, 
rendered strongly alkaline with sodium hydroxide, yielded to ether 
1*4 grams of a yellow base, freely soluble in the common oxygen- 
containing solvents, but sparingly so in benzene or petroleum. 
The base was obtained in fern-like plates, melting and decomposing 
at 232°, by extraction with boiling petroleum (b. p. 100—120°). 

Analyses and molecstilar-weight determinations of different pre- 
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parations of the base gave numbers indicating the presence of a 
compound having the formula C^oHj^OgN, but contaminated with 
10—20 per cent, of another, CioHj^ON or CjqHujON, this suggest¬ 
ing that partial reduction or dehydration accompanies the elimin¬ 
ation of carbon dioxide from the carboxylic acid; all attempts to 
separate the constituents of the mixture by fractional crystallisa¬ 
tion before or after conversion into picrates were fruitless. The 
mixture gives no coloration with ferric chloride, and in many 
respects resembles a^camphidone, although the presence of the 
latter seemed improbable, as no characteristic picrate could be 
prepared from the material. 


Methylation of the Acid Aj. 

(а) With the Silver Salt and Methyl Iodide. —The silver salt was 
prepared by neutralising the aqueous solution of the acid with 
silver carbonate, evaporating to dryness, and heating the residue 
cautiously. It was then heated with methyl iodide in anhydrous 
ether for two hours. The filtered ethereal solution, evaporated to 
dryness, gave an oil, which, when washed with aqueous sodium 
hydrogen carbonate, was converted into a white solid, insoluble in 
water. This melted at about 230®, had no acidic properties, but 
gave an intense red coloration with ferric chloride in alcoholic 
solution. When boiled with water, it slowly dissolved, forming a 
solution which responded to the same tests as did the original 
carboxylic add. The substance did not, however, respond to the 
tests for a methyl ester, and its nature remains uncertain, although 
analysis showed that the elements of carbon dioxide had been lost; 
it may be identical with one of the products obtained on heating 
the add Aj. 

(б) With Alkcdi and Methyl Sulphate. —The acid (18*5 grams) 
was dissolved in methyl alcohol (100 c.c.) containing methyl 
sulphate (24 grams). To this was then added gradually methyl 
alcohol (200 c.c.) containing potassium hydroxide (20 grams), and 
the whole allowed to remain during the night. The alcohol was 
then removed by evaporation and the residue dissolved in water, 
the resulting solution being extracted with ether. From the latter 
about 6 grams of a basic oil were obtained, whilst the residual 
aqueous liquor, when addified with hydrochloric add and again 
extracted with ether, yielded about 13 grams of a colourless add. 
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The Mmomethyl “ Derivative,” C02H*C«Hi^-C<^(2g!)>0. 

The foregoing colourless acid was purified by crystallisation from 
acetone (Found: C = 59*4; H = 7*9; N = 6-0. C 12 H 19 O 4 N requires 

C = 59*7; H'=7-9; N = 5-8 per cent.). 

The equivalent, determined by titration with sodium hydroxide, 
using phenoTphthalein, was 232; Calc., 241. The substance 
separates from acetone in large, colourless octahedra, which melt 
and decompose slightly at 172°. It dissolves freely in alcohol, 
water, acetone, or ethyl acetate, less readily in ether or benzene, 
and is insoluble in cold light petroleum. Its aqueous solution 
gives no coloration with ferric chloride, but instantly decolorises 
permanganate and bromine water. When boiled with concentrated 
aqueous alkalis, it is decomposed, as described later. 

If the silver salt of this acid is distilled in a vacuum, carbon 
dioxide is eliminated, and a basic solid distils. This solid is not 
homogeneous, but when fractionated by recrystallisation from 
petroleum (b. p. 60—70°) yields a crystalline material closely 
resembling impure a-camphidone; on recrystallisation of the 
picrate, a salt was isolated which had the same form as the picrate 
of a-camphidone, but the melting point was much too low, and 
the identity of the above solid remains somewhat doubtful. 


The Dimethyl Derivative*’ {Methyl Ester of the Monomethyl 
“Derivative ”), C 02 Me-Cg¥,^-C<l|l^^Jj!l> 0 . 

The basic substance obtained during the methylation of the 
hydroxyoarboxylic acid was purified by crystallisation from dilute 
alcohol (Found: C~60*9; 11=7-7. C 13 H 21 O 4 N requires C = 61*2; 

H = 8*2 per cent.). 

This ester, although somewhat sparingly soluble in cold water, 
readily forms supersaturated solutions in it, and from these, on 
nucleation, it separatee in slender needles, which in the course of 
a few days change into rhombic prisms melting at 115°. It dis¬ 
solves freely in hot water, and also in ether, alcohol, acetone, or 
benzene, but only sparingly in petroleum. 

In virtue of its basic character, the ester is freely soluble in weak 
or concentrated hydrochloric add, and is repredpitated on addition 
of alkali. 



COMPOUNDS OBTAINED FROM CAMPHOROXALIO ACID. 739 


Action of Alkalis on the Methyl Derivatives of the Acid A| 


CHg-CH-CO-COgH 


a-Ketohomocam/phoric Acid, 


('Men 


CHg-CMe-COsH 


Bot>h the monomethyl derivative of the acid A j and the dimethyl 
derivative, or methoxy-ester, are decomposed by boiling 50 per 
cent, potassium hydroxide. In both instances, ammonia, without 
any detectable trace of methyl amine, is evolved. 

The decomposition is best carried out with the monomethyl 
derivative; here, in the initial stage of the reaction, the crystals 
change to an opaque mass, probably due to deposition of potassium 
salt, and this is soon converted into an oil. The oil quickly dis¬ 
solves, and a sudden evolution of ammonia takes place. Action 
ceases after about ten minutes’ boiling, when the solution may be 
cooled, acidified with hydrochloric acid, and extracted with ether, 
which removes a viscid, strongly acid oil. It was found exceed¬ 
ingly difficult to purify this product; at the end of some weeks’ 
exposure it sets to a pulp, which may be triturated with concen¬ 
trated hydrochloric acid, allowed to remain with it for some hours, 
and then transferred to porous earthenware. The white solid 
which is finally obtained in this manner can be further purified by 
dissolving it in the minimum quantity of anhydrous formic acid, 
and then adding concentrated hydrochloric acid until a permanent 
milkiness results. After some hours, a quantity of the substance 
is deposited in white needles, which can be separated and exposed 
over paraffin wax and potassium hydroxide in a vacuum for several 
days (Found: C = 56’2, 58'4; H = 6’9, 7-0. CjiHjgOg requires 
C = 57*9; H = 7-0 per cent.). 

Samples titrated with alkali in the presence of phenolphthalein 
gave numbers for the equivalent somewhat wide of the mark, but 
showed the acid to be dibasic. 

In spite of the unsatisfactory analytical data, there can be no 
doubt that the formula given represents the composition of the 
pure substance. The latter is excessively hygroscopic, but is never¬ 
theless not readily soluble in water. It dissolves sparingly in 
benzene and still less readily in petroleum, but is freely soluble in 
alcohol, ether, acetone, or ethyl acetate; it does not appear to 
crystallise from any of these solvents, but separates as an oil. 
The acid in aqueous solution gives with ferric chloride a blue 
coloration, whicffi disappears slowly in the cold and rapidly near 
100 ®, 

The lead salt is but slightly soluble in water. The silver salt is 
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sparingly soluble in cold water, but dissolves somewhat freely in 
hot; it is not rapidly decomposed on exposure to light. 

When a-ketohomocamphorio acid is heated, it melts at 135—139° 
with slight decomposition; at 170°, the decomposition occurs 
rapidly, carbon monoxide and water being evolved, and a white, 
crystalline sublimate formed. This sublimate was purified by 
distillation in a current of steam and reorystallised from petroleum 
(Found: C= 66 * 2 ; H = 7‘7. C 1 QH 14 O 3 requires C = 66'0; H=7*7 
per cent.). 

The product melted at 218—219°, and its identity with camphoric 
anhydride was completely established by the usual methods. 

a-Ketohomocamphoric acid reduces boiling dilute copper sulphate 
solution; lead or manganese dioxides added to its warm aqueous 
solution instantly cause evolution of carbon dioxide with 
effervescence. 

The 'phenylhydrazoney C 02 H*CgH 34 *C(C 02 H)!N 2 HPh,H 20 , was 
prepared by mixing the acid in about 1 per cent, aqueous solution 
with phenylhydrazine acetate; the solid which separated was 
crystallised from dilute methyl alcohol (Found: C = 61*2; H = 7*6; 
N = 8*4. C] 7 Ho 204 N 2 ,H 20 requires C=60'8; H = 7T; N = 8‘3 per 

cent.). 

The compound crystallises in needles and melts at 184°, with 
slight decomposition; it dissolves in aqueous sodium hydrogen 
carbonate, displacing carbon dioxide. 

a-isoNitro-^ah(moeamphoric A culy C02H*CrHj4*C(IN0H)*C02H. 

The ketonic acid (1 grapfi) was heated for an hour on the water- 
bath with a solution of free hydroxylamine (about 1 gram) in 
absolute alcohol. The oil obtained by subsequently removing the 
alcohol did not crystallise, and had to be purified by dissolving it 
in ether and shaking the solution repeatedly with water, drying, 
and evaporating to dryness. The clear oil dissolved completely in 
concentrated hydrochloric acid, and wa.s precipitated on dilution 
with water. 

The Monitroso-acid itself did not reduce Fehling's solution, but, 
after boiling with dilute hydrochloric acid, gave all the tests for 
hydroxylamine. On treatment with bromine water, pyridine, and 
hydrogen peroxide (Piloty's test, Ber.^ 1902, 36, 3099), it was con¬ 
verted into a blue compound, which could be extracted by ether. 

When heated in a vacuum, the wonitroso-acid decomposed, giving 
a white sublimate; the latter is strongly acid, and when extracted 
with boiling water yields, somewhat tardily, crystals, which nielt 
sharply at 148°; this product was compared with a sample of the 
a-nitrile of camphoric acid prepared from iionitrosooainphor and 
acetic anhydride, and found to be identical with it. 
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It is noteworthy that a-ketohomocamphorio add, its oxime, and 
also a-camphonitrile, are all difficult to obtain in stable, crystalline 
forms. This is possibly connected with the presence of the group 

•CH in direct attachment to >-00, >CINOH, and ’CN respectively, 

combinations which are associated with the ready occurrence of 
isod 3 niamic (tautomeric) change. 


Action of Ferrous Hydroxide and AlkaM on the Acid Aj. 

CHg.CH-CHCO.H 

a-Camphidoneco/rhoxt/lic Add^ NH 

I I I 

uHg-uMe-CO 

Whilst most of the common redudng agents attack the add A^ 
either not at all or only with difficulty, the substance is very 
readily reduced by the following process. 

The acid (5 grams) is dissolved in 20 per cent, potassium hydr¬ 
oxide (150 c.c.), the solution then added to one of crystallised 
ferrous sulphate (20 grams) in water (100 c.c.), and the whole 
heated at the boiling point for three hours. Some ammonia is 
evolved, and the dark precipitate finally becomes pale brown. 
After filtration, the clear, aqueous solution is acidified with hydro¬ 
chloric add and repeatedly extracted with ether, which, after dry¬ 
ing and evaporating, furnishes about 4*2 grams of a white solid. 
The quantity of ammonia liberated in the foregoing operation was 
found to correspond with about 10 per cent, of the nitrogen present 
in the substance used; the nitrogen-free product has not been 
isolated. 

The white solid, obtained as above, is best crystallised from 
acetone; from the cold solvent it separates in slender needles, 
which, if at once removed and dried, may be kept unaltered for 
some considerable time. If they are left in contact with the 
mother liquor, however, they soon become converted into plates, 
which tepresent the stable form of the compound. 

The needle form, if heated, appears to undergo crystalline change 
at 190—200°, and subsequently liquefies at 230°; if heated 
suddenly to a high temperature, the needles do not melt 
instantaneously below about 234°, so that it is probable that their 
true melting point is somewhat higher even than this. The mass 
obtained by allowing the fused substance to solidify usually melts 
at about 206°, but it is uncertain what significance should be 
attached to this observation (Found: C = 62*2; H = 8*0; N = 6‘6. 
CijHi^OgN requires C = 62’6; H = 8T; N=6*6 per cent.). 

The equivalent, determined by titration with sodium hydroxide, 
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using pLenolplithalein, was 210; a monobasic add, C11H17O3N, 
requires 211. 

The molecular weight was determined in phenol by the oryo- 
scopio method, the number obtained being 205 (mefiin of three 
determinations) instead of 211, as calculated. 

a-Camphidoneccurhoxylic add is insoluble in light petroleum, 
moderately soluble in ether or water, and freely so in alcohol, 
ethyl acetate, acetic acid, or chloroform. Its solubility in water is 
greatly raised by the addition of hydrochloric add. 

The aqueous solution is strongly acid and gives no coloration 
with ferric chloride. An aqueous solution of the sodium salt gives 
no precipitate with salts of silver, lead, mercury, copper, caldum, 
barium, or iron; it rapidly discharges the colour of permanganate 
and bromine water. 

The free add is exceedingly stable. It is not affected by boil¬ 
ing 50 per cent, sulphuric add or potassium hydroxide, or by 
heating in a sealed tube with concentrated hydrochloric acid at 
180°. In small quantities, it can be distilled with only slight 
decomposition. It is not readily oxidised by chromic add mix¬ 
tures, and does not appear to react with acid chlorides, with nitrous 
acid, or with methyl sulphate. 

It was ultimately found possible to eliminate the carboxyl group 
by heating the silver salt. The latter was prepared by neutral¬ 
ising the add in aqueous solution with silver carbonate, and formed 
long, colourless needles, which darkened on exposure to light; when 
cautiously heated in an atmosphere of carbon dioxide under 
diminished pressure, it decomposed and yielded a yellow sublimate. 
The latter was basic, and gave a characteristic picrate (m. p. 
189—191°), which was purified by crystallisation, decomposed, and 
the free base recrystallised from light petroleum. The base formed 
arborescent leaflets melting at 230° (Found: C = 71’7; H=10*2; 
N = 8*2. C10H17O4N requires C = 71-9; H^lO’l; N = 8'4 per 
cent.). 

The characters of the base were almost predsely those ascribed 
to o-camphidone by Tafel and Eckstein {Ber,, 1901, 34, 3280). 
Samples of the substance and its picrate were prepared from 
camphorimide, and direct comparison left no doubt as to the 
complete identity with the producte above described. 

The authors gratefully acknowledge that a grant from the 
Research Fund of the Chemical Sodety was used in defraying part 
of the expense of the work. 
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LXXIX. — Homocamphor, 

By Arthur Lap worth and Frank Albert Royle. 

Camphor (I) and the large group of compounds dosely related to 
it have attracted an unusual amount of interest, owing to the 
difficulty with which they yielded up the secrets of their exact 
structures. The varied changes to which the molecules of these 
substances are prone are not less remarkable because the gross 
results of such transformations can now be represented graphically; 
and although analogies may be drawn between their transform¬ 
ations and those in some other series, little is yet known of their 
mechanism. Again, although several ketones nearly allied to 
camphor have been prepared, these have not, for the most part, 
been very closely investigated, and therefore peculiarities in the 
behaviour of camphor have not yet been clearly associated with 
irregularities in structure; it is not clear, for instance, what is the 
precise influence exerted by the methyl groups, or what would be 
the effect of a change in the size of the carbon rings. Epicamphor 
(II) is unique as an instance of a compound which is very closely 
related to camphor, and has been experimentally compared with 
camphor in nearly all interesting particulars (Bredt and Perkin, 
T., 1913, 103, 2182). 

In 1913, the authors had in view the desirability of studying a 
substance differing from camphor in one particular only, namely, 
in the inclusion of an additional ’CHg* group in the ketone ring. 
This substance they have prepared, and propose to term homo- 
camphor (III). It was originally hoped to make the research a 


CHg-CH—CH, 
CMe2 

UHj-(!)Me—CO 
(I.) 


I I 

CMe2 

I f ^ 

CHg-CMb- 

(II.) 


-CO 

1 

-(Ih., 


OH’CH-CH„ 

OMpj 

(JHjj-CMe—CO 
(III.) 


fairly exhaustive one, but it was found that the preparation of 
homocamphor in sufficient quantity would be a very lengthy and 
costly undertaking, and the conditions which have succeeded the 
outbreak of war, when the work was interrupted, have made the 
project impracticable for the present. It has therefore been 
decided to describe the results which have already been obtained. 

The first step in the synthesis of homocamphor consisted in the 
preparation of camphorylmalonic ester (V) from camphoric 
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anhydride (IV) and diethyl sodiomalonate by Winzer’s method 
{Annclen, 1890, 267, 298). 


.CO. 

"•<C0> 

(IV.) 


.c:c(oo,Et)j 

C8Hi«<;>0 

(V.) 


C»H 


/ 

“\ 


CH,-CH(C 05 H)j 


COjH 

(VI.) 


By reduction of (V) (best carried out electrolytioally under the 
conditions referred to in the experimental part) and subsequent 
hydrolysis, hydrocamphorylmalonic acid (VI) is obtained, and this 
is readily converted, on distillation, into carbon dioxide and 
Winzer’s hydrooamphorylacetic acid (VII). The latter can be 
converted into homocamphor either by heating its lead salt in a 
current of carbon dioxide or by prolonged action of acetic 
anhydride, followed by distillation in a vacuum. Homocamphor 


CU.,-CH-CH„-CH,-CO.,li ( H„-C1I—OH., 

I I » I » , , J 

j 0.\le^ j OMe, CHj 

CH./CxMe-C02H. 6 :Ni >H 

(VII.) (VIII.) 


Ctl./CH—Ollj 
j CMe^ OH, 
CN 

(IX.) 


forms a colourless, iiKiefinitoly crystalline mass closely resembling- 
camphor in odour, taste, and in general behaviour towards solvents. 
Its optical rotatory power is, however, in the opposite sense to thai 
of the camphor from which, through camphoric anhydride and the 
above series of reactions, it is prepared; it has [aj^ —112*9® ini 
benzene, whilst camphor has [ajj^ 4-39*1®. 

Homocamphor readily yields a semicarhazone and an oximer 
(YIII). The latter closely resembles camphoroxime, and has much, 
the same peculiar odour as that substance; like camphoroxime, it^ 
develops a perfume resembling that of raspberries when heated with 
sulphuric acid, and this is doubtless due to the formation of homo- 
campholenonitrile (IX). This product does not appear to be 
formed so readily as is campholenonitrile from camphoroxime, 
which fact seems to indicate a greater stability of the six-carbon 
ring as compared with the five-carbbn ring in camphoroxime. 

An isont^roso-derivative (X) may be obtained from homodamphor 
under conditions similar to those used in converting camphor into 
its wonitroso-derivative, and closely resembles the latter in proper¬ 
ties. By the action of acid formaldehyde on isonitrosohomocamphor 


CH,-CH—CHa 
I (JMej (!):N0H 
CO 

(X.) 


OHj-CH—OH, CH, 

I CMe, CO I ^Me, io,I 

OH^-CMe—(I jO CH,-(!>M«-00,H 

(XI.) (Xn.) 
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(oompaxe Lapworth, T., 1896, 69 , 323), a small quantity of a 
volatile, yellow compoiind is obtained, and this much resembles 
oaznphorquinone, although it appears to be less intensely coloured; 
it is doubtless htyniocamvphtyrquincme (XI). 

In order to establish the structure of homocamphor, which in 
the absence of further data would have rested on the assumptions 
that Winzer’s hydrocamphorylacetic acid has the structure (VII), 
and that no change of structure had attended the ring-closure at 
the succeeding step in the synthesis, advantage was taken of the 
ease with which cyclic isonitroso-ketones, like i^onitrosocamphor, 
undergo the Beckmann change, becoming converted into amides 
or imides of the open-chain dicarboxylic acids. -woNitrosohomo- 
camphor was warmed with acetyl chloride, and the product hydro¬ 
lysed with alkali; as was anticipated, homocamjrhoric acid (XII) 
was precipitated on addition of acid, so that there can be no ques¬ 
tion that the structures assumed for homocamphor (III) and its 
uonitroso-derivative (X) are correct. 


Expe rimental. 

Camphorylmalonic ester was prepared by the condensation of 
ethyl sodiomalonate with camphoric anhydride in benzene, in 
accordance with Winzer’s method (loc. cit.). It was obtained as 
a viscid, colourless liquid distilling at 218^/20 mm., and ultimately 
setting to a solid, which melted at 81^ after recrystallisation from 
benzene. The yield fluctuated between 70 and 75 per cent. 
Attempts to shorten the time required for the condensation process 
by substituting toluene for benzene as solvent were not successful, 
and a trial of substituting camphoryl chloride for camphoric 
anhydride (Winzer, loc. cit.) did not give encouraging results. 

For the reduction of camphorylmalonic ester, comparative tests 
of several methods were made. Winzer used sodium amalgam, 
allowing this to act on an alcoholic solution of the unsaturated 
ester, with such intermittent additions of sulphuric acid as were 
required to maintain a slightly add reaction in the solution. He 
does not give the yield. In using this method, the present authors 
found that a dedded improvement was effected by omitting the 
additions of sulphuric add and employing instead a constant 
stream of carbon dioxide. 

Much trouble was at first experienced in obtaining the hydro- 
camphorylmalonio acid in crystalline form, and the cause of this 
was ultimately traced to the fact that during the reduction the 
hydrolysis of the ester is not by any means so complete as Winzer^s 
description would lead one to infer, and appredable quantities of 

voi*. oxvn. ® ® 
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the mono- and di-ethyl esters of hydrocamphorylmalonic acid are 
invariably left. It is therefore necessary, after the reduction itself 
is complete, to add to the solution a considerable excess of alkali 
and to heat for some time; when a portion of the liquid on acidijS- 
cation yields an add which solidifies at once, the whole may be 
worked up in the usual manner. With these precautions, the 
authors were able to obtain yields of pure hydrocamphorylmalonic 
add corresponding with 66 per cent, of that theoretically possible. 

Many experiments were also made with the view of effecting the 
reduction electrolytically. A pure lead sheet, 20 x 30 cm., care¬ 
fully polished, cleaned, and then covered with a deposit of spongy 
metal, was employed as cathode, and a sheet of platinum foil 
5 X 2’5 cm. as anode. A clean, porous porcelain cell was used to 
contain the anode liquid (dilute sulphuric add), and this was 
immersed in a beaker containing the cathode liquid. Glass spirals, 
through which cold water circulated, were immersed in the electrode 
chambers, and served for cooling purposes. The cathode liquid 
contained the unsaturated ester (20 grams) dissolved in a mixture 
of spirit (1500 grams) and concentrated sulphuric add (160 grams). 
A current of 2 amperes at 10 volts was employed until reduction 
was complete, when the cathode liquor was completely hydrolysed 
with excess of alkali and worked up for hydrocamphorylmalonic 
add. By this process, yields of 85 per cent, of the theoretical were 
normally obtained, but, like other similar reduction processes, 
success is uncertain unless the utmost care is exerdsed to ensure 
the purity of the fluids, electrodes, and cells. 

Aluminium amalgam, used as reducing agent in diluted alcohol, 
gave yields of hydrocamphorylmalonic acid amounting to only 
57 per cent, of the theoretical. Other methods of reduction, 
including the use of gaseous hydrogen and colloidal palladium, 
proved even lees satisfactory. 

The crude hydrocamphorylmalonic add obtained by any of the 
above processes was converted into hydrocamphorylacetic add by 
heating for an hour in an oil-bath at 180®, and then distilling in 
a vacuum; the fraction boiling at 260—270®/20 mm. yielded, as a 
rule, the pure hydrocamphorylacetic acid, melting at 142®, on re- 
crystallisation from water. Occasionally, however, the product 
contained an. impurity of an unsaturated character, in which case 
it was dissolved in sodium carbonate and left in contact with excess 
of permanganate for an hour, when it was subsequently recovered 
in satisfactory condition. 
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Dimethyl Hydrocamphorylacetate, 

As one of Uie carboxyl groups of bydrocamphorylacetic acid is 
attached to a quaternary carbon atom, and is therefore resistent 
to the ordinary esterification processes, the dimethyl ester of the 
acid was prepared through the normal silver salt. The latter was 
readily obtained as an insoluble precipitate on addition of silver 
nitrate to the aqueous solution of the neutral sodium salt. The 
washed salt, dried at 110°, was boiled for three hours with methyl 
iodide dissolved in dry ether. The resulting ester was worked up 
in the usual manner, the main fraction being obtained as a colour¬ 
less, viscid oil boiling at 175°/20 mm. Found: C = 65*5; H = 9*6. 
C24H24O4 requires C = 65*6; H = 9-4 per cent.). 

'By cooling in liquid air and allowing the temperature slowly to 
rise, the oil set to a crystalline mass melting at about 25°. 

An acid by-product, doubtless the monomethyl ester, was isolated 
during the working up of the diethyl ester; it distilled at 
202—212°/19 mm. as a viscid, colourless oil which, when the 
interior of the containing tube was scratched with a glass rod, 
solidified to a mass of small needles. 

When the above dimethyl ester is heated with excess of sodium 
methoxide at about 100°, the whole becomes brownish-red. On 
subsequently acidifying the solution, there is obtained a product 
which with ferric chloride gives a red coloration, soluble in amyl 
alcohol, and a copper derivative which is insoluble in water but 
soluble in alcohol. These facts point to the presence in this pro¬ 
duct of methyl homocamphorcarboxylate, 

C 8 Hi,<® 52 >CH-OOjMe, 

but this substance, from which it was hoped to prepare homo- 
camphor, has not been closely examined, as the desired end was 
ultimately attained by a shorter route. 


Homocamphor (III, p. 743). 

This substance was obtained from hydrocamphorylacetic acid by 
the following processes: 

(1) The acid was converted into its neutral sodium salt, and this, 
by double decomposition in aqueous solution with lead acetate, 
into the lead salt, which forms a heavy, white precipitate, and may 
be collected, washed with water smd alcohol successively, and dried 
at 100®. 


E B 2 
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Ten grams of this salt were placed in a wide, hard-glaes tube, 
which was slowly heated in an inclined position while a current of 
carbon dioxide was led through it from the higher end. The 
lower end of the tube was connected by means of an adapter to 
a flask, which served as a receiver, the issuing gases from the latter 
being passed through ether in order to retain the last traces of 
homocamphor. The crude product, after carefully evaporating off 
the ether used to collect it all, was a pale brown solid, and was 
purified by distillation in a current of steam, 

(2) Homocamphorylaoetic acid (8 grams) was boiled with acetic 
anhydride (20 grams) for several hours, and then allowed to remain 
at the ordinary temperature for some days. The acetic anhydride 
was subsequently removed by distillation, and the residue slowly 
heated under diminished pressure (12—20 mm.), the semi-solid 
distillate being warmed with aqueous sodium carbonate ahd 
distilled in a current of steam. 

Homocamphor forms a white, indistinctly crystalline mass. In 
appearance, odour, and behaviour towards the usual media, it very 
closely resembles ordinary camphor, and, like that compound, is 
appreciably soluble in water, to which it communicates a camphor- 
aoeous odour. It was analysed after exposure in a vacuum 
desiccator over sulphuric acid (Found: C = 79*3; H = 10‘9. 
CjiHigO requires C = 79‘5; H = 10-9 per cent.). 

Ilomocamphor melts at 189—190°, and sublimes readily far 
below this temperature. It is laevorotatory, and has [o]p -112*9° 
in 4 per cent, solution in benzene. 


CiiHi3lN*NH*CO*NH2. 

This is readily obtained by boiling homocamphor in alcoholic 
solution with semicarbazide hydrochloride and sodium acetate for 
three hours. It crystallisee from alcohol in slender, colourless 
needles melting and decomposing at 260—252°. The substance is 
very sparingly soluble in water, but dissolves readily in methyl or 
ethyl alcohol. Cold concentrated hydrochloric acid dissolves it, 
and, on adding water, the semicarbazone is precipitated unchanged; 
but, if steam is passed through the solution, pure homocamphor 
passes over. 


Homoc(miphoroxvrrie (VIII, p. 744). 

This is prepared by dissolving homocamphor (1 gram) in alcohol, 
adding solid hydroxylamine hydrochloride (0*8 gram) and sodium 
acetate (2—5 grama), and boiling the whole for two hours on the 
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water-batli. On cooling and diluting with water, the oxime is 
slowly deposited in crystals, which are collected and recrystallised 
from dilute methyl alcohol (Found: C = 73*3; H = 10*7; N = 7'9. 
CjiHjqON requires 0 = 72*9; H=10‘5; ^=7*7 per cent.). 

This oxime much resembles camphoroxime in general behaviour 
towards organic solvent media, and has much the same peculiar 
odour as that substance. It crystallises from dilute methyl alcohol 
in long needles melting at 167—168°. When a small quantity of 
the oxime is heated with a drop of concentrated sulphuric acid, an 
odour very similar to that of campholenonitrile becomes perceptible: 
the quantities of material available did not admit of the product 
being isolated. 


\&oNitrosoh(rrriocamphor (X, p. 744). 

Homocamphor (3 grams) is dissolved in anhydrous ether 
(100 c.c.), and finely powdered sodamide (2 grams) is then added. 
The whole is stirred mechanically for two hours, then cooled to 0°, 
and maintained at this temperature while freshly distilled amyl 
nitrite (4*5 c.c.) is gradually introduced. After remaining over¬ 
night, the product is poured into ice-water, the aqueous layer 
separated, extracted repeatedly with ether, and then acidified with 
acetic acid. The precipitated solid (2 grams) is collected, washed 
with water, dried, and crystallised from a mixture of benzene and 
light petroleum. 

The substance dissolves in all the usual organic media, and 
crystallises from water in long, slender needles, and from benzene 
and petroleum in small, flat plates. It melts at 167—168°. 

It dissolves in formaldehyde (40 per cent.), and if the solution 
is warmed on the water-bath for two hours and then heated with 
excess of hydrochloric acid under a reflux condenser, minute, pale 
yellow crystals, which have a sweet, camphoraceous odour, collect 
in the condenser tube; these crystals doubtless consist of homo- 
eampharquifwne (XI, p. 744). The rate of formation of this com¬ 
pound is not so rapid as that of ordinary camphorquinone from 
wonitroeocamphor in similar circumstances (compare Lapworth, loc, 
cit.), and as the yield was very small, sufficient could not be 
obtained for accurate characterisation or analysis. 


Corwersion of isoNitrosohomocamphor into Homocamphortc Add, 

woNitroeohomooamphor (0*5 gram) was boiled with acetyl chloride 
for five hours, the solution then evaporated to dryness, and the 
solid residue boiled with 40 per cent, aqueous potassium hydroxide 
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for ten hours, during which time ammonia was slowly evolved. 
After a preliminary extraction with ether to remove neutral 
material, the alkaline liquid was acidified with sulphuric add. 
The resulting brown acid which was precipitated proved to be 
highly insoluble in most of the ordinary organic media, but dis¬ 
solved freely in boiling nitrobenzene, and, on cooling, separated in 
microscopic needles melting at 233®; its equivalent, determined by 
titration against 10-sodium hydroxide, using phenolphthalein as 
indicator, was 106. The characters described are precisely those 
of homacamphoric acid (XII, p. 744), the calculated equivalent of 
which is 107. 

The authors desire to acknowledge that a grant from the 
Research Fund of the Chemical Sodety was used to defray part 
of the expense incurred in this investigation. 

ObQANIO CHEMICAIi LaBORATOBIBS, 

The UmvERSiTY, Manohbstbb. [ Received , May 20( h , 1920.] 


LXXX .—The Nitration of Aceto-m-toluidide. 

By James Wilfred Cook and Oscar Lisle Bbade. 

From the nitration products of m-toluidine, only 6-nitro-m-toluidine 
has been isolated, although evidence has been obtained that at least 
two of the other possible isomerides are formed in small quantities. 
Nitration in the presence of excess of concentrated sulphuric add 
does not lead to meta-substitution. From aceto-m-toluidide, the 
4- and 6-nitro-m-toluidines have been isolated, and this result has 
been confirmed by the present authors. 

The dinitration of aceto-m-toluidide should, theoretically, give 
rise to three isomerides, and the reaction has been studied with 
the view of obtaining moderate quantities of 2:6-dinitro-m- 
toluidine for the synthesis of 2:3:6-trinitrotoluene. 

Aceto-m-toluidide is added in small quantities at a time to ten 
times its wdght of nitric add (D 1*6) with thorough agitation, the 
temperature being kept below 25®; on pouring into water, a 
mixture of the dinitroaceto-m-toluididee separates as a pasty 
mass. This cannot be recrystallised satisfactorily, so is con¬ 
verted into a mixture of the amines by heating on the water-bath 
for an hour with 50 per cent, sulphuric add, filtering off any 
tarry matter throujgh glass wool, and dilutixig the filtrate with 
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water. The precipitated amines are collected, washed and dried, 
when a product is obtained which sinters at 90^ and melts 
completely at 150°. 

Separation of the Ihnitrchixi-toluidvn-es .—The mixture of dinitro- 
w-toluidines is fractionally recrystallised from alcohol. The first 
fraction which separates from the hot alcohol melts at 170°, on 
diluting somewhat with water a second fraction melting at 145° 
is obtained and on completely precipitating the filtrate a third 
fraction melting at 92—93°. 

By further recrystallisation of these fractions and combining 
the products of higher melting point, a compound melting at 
193—194° is obtained, which proved to be 4 :6-dinitro-7w^toluidine. 
Ite identity was established by the mixed melting-point method 
with the compound obtained by the action of ammonia on 3:4:6- 
trinitrotoluene (Hepp, Annalen, 1882, 215 , 371). This compound 
was not oriented by Hepp, and is incorrectly given as a derivative 
of T^toluidine in Richter’s “Lexicon.*' The correct formula is 
assigned to it by Will (Ber.^ 1914, 47 , 708), who obtained from it 
2 :4-dinitrotoluene by removal of the amino-group. The compound 
has also been oriented by one of us in several ways. 

The fractions of lower melting point could not be separated by 
recrystallisation from alcohol, acetic acid or benzene, but if they are 
acetylated with acetic anhydride and the dinitroaoeto-m-toluididee 
rocrystallised from alcohol, 2:6-dinitroaceto-m-toluidide (m. p. 
166°; Korner and Contardi, Atii E. Accad. Lmcei, 1916, [v], 26, 
ii, 339) separates first and can readily bo obtained pure. 

The identity of this compound was confirmed by hydrolysis to 
the amine (m. p. 131° crude; Korner and Contardi, loc, give 
133*8°), removal of the amino-group by the diazo-reaotion and 
identification of the 2:6-dinitrotoluene obtained by the mixed 
melting-point method. 

No 2:4-dinitro-m-toluidine has been isolated from the nitration 
product and from a consideration of the relative solubilities of the 
three dinitro-m-toluidines and of their acetyl derivatives, and of 
the course of the fractional crystallisation of the mixture, it seems 
probable that little, if any, of this compound is formed in the 
nitration of aceto-7?i-toluidide. 

In one experiment, on recrystallising the acetyl compounds from 
the fractions of lower melting point, a compound melting at 
228—230° was the main product and this proved to be slightly 
impure 2:4:6-trinitroaoeto-m-toluidide. It was thought that 
2:4-dmitro-m-aoetotoluidide might be more readily nitrated than 
the other isomerides, and for this reason not appear as such in 
the product; experimeut hs^s shown ths^t this compound is not 
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nitrated under the conditions of experiment, and that more 
vigorous treatment leads to decomposition. 

Nitration of %-Nitroaceto-m-toluidide, —G-Nitroaceto-w-toluidide 
was at first prepared by Cohen and Dakin's method (T., 1903, 83 , 
33 ), but later a modification was introduced which simplified the 
separation of the two isomerides formed. 

To a mixture of 100 c.c. of nitric acid (D 1-6) and 25 o.o. of 
glacial acetic acid, cooled in ice, 20 grams of aceto^-toluidide 
are added. After an hour, the mixture is poured into 1^ litres of 
water and the solid which separates is collected at once. This 
melts at 101 — 102 ° and is almost pure 6 -nitroaoeto>w-toluidide, 
one crystallisation from alcohol yielding the pure substance. The 
filtrate, on remaining overnight, deposits more crystals which melt 
at 68 —75°, one recrystallisation from alcohol giving pure 4-nitro- 
aoeto- 7 ?i'-toluidide. 

The 6 -nitroaoeto-m-toluidide is added to excess of nitric acid 
(D 1*5), the temperature being kept below 25°, the mixture allowed 
to remain for an hour and poured into water. The pasty solid 
is extracted with ether, the ethereal solution washed with water, 
the solvent removed and the residue hydrolysed with 50 per cent, 
sulphuric acid. The amines, after precipitation by dilution, are 
separated in a manner similar to that described above. In this 
way 4:6- and 2: 6 -dinitroaceto-m-toluidide 6 are obtained. 

2 :4- amd 4 : ^-Dmitro- and 2:4: ^-Trinitro-€M:eto-m-tolmdideB, 

These compounds have been prepared for the purpose of identify¬ 
ing the various acetyl compounds obtained in the above reaction. 
They are obtained by warming the corresponding amines with 
acetic anhydride in the presence of one drop of concentrated 
sulphuric acid, pouring the product into water and recrystallising 
the precipitated acetyl derivative from alcohol. 

2: ^-Dimtrometo-mdoluidide crystallises in colourless needles 
melting at 211 — 212 °: 

0*2895 gave 45*3 o.c. N 2 at 20*5° and 745 mm. ^^=17*9. 

C 9 H 9 O 5 N 3 requires N = 17*6 per cent. 

4: ^-Dinitroaceto-m-toluidide crystallises in pale yellow needles 
melting at 103°: 

0*2167 gave 33*8 o.c. N 2 at 18° and 746 mm. N = 18*0. 

C 9 H 9 O 5 N 3 requires N~17*6 per cent. 

2:4: ^^Trinitroaceto-m-tolmdide crystallises in microscopic, white, 
silky needles melting and decomposing at 249°: 

0*1029 gave 17*8 c.c. Ng at 18° and 761 mm. N=:19-9. 
C 9 Hg 07 N 4 requires N=19*7 per cent. 
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Summarisiiig, the main product of the dinitration of aoeto-w- 
toluidide and of the nitration of 6-nitroaoeto-m-toluidide is 
4: S-dinitroaoeto-m-toluidide. A smaller quantity of the 2:6™di- 
nitro-compound is formed and little, if any, of the 2:4-dinitro- 
derivative. 

Oboanio ChehioaIi Laboratories, 

University College, London. [ Recewed , April 21a«, 1920.] 


LXXXI .—Studies in the Camphane Series, Part 
XXXVIII. The Cyanohydrazone of Camphor- 
quinone. 

By Martin Onslow Forster and William Bristow Saville. 

Although the aliphatic diazo-compounds have received increasing 
attention during recent years, their behaviour towards potassium 
cyanide has not been systematically studied. Peratoner and 
Palazzo {Atti R. Accad. Lmcdy 1907, [v], 16, ii, 432, 501) noted 
the production of acetonitrile and methylcarbylamine from diazo¬ 
methane and hydrogen cyanide, whilst Wolff {Armaleriy 1902, 326, 
149) found that diazoacetopheiione and potassium cyanide gave a 
product which he represented by the formula 

C6H5-c(ok):ch-n:n-cn, 

and regarded as derived from acetophenoneazocyanide, 
CflHs-CO-CHg-NIN-CN; 

he also described it as yielding acetophenoneazocarbamide,"' 
C^Hrj^CO’CHo’NIN'CO'NH^, with boiling dilute sulphuric acid. 
In a subsequent paper with Lindenhayn (Ber,y 1903, 36, 4126), the 
possibility of acetophenoneazocyanide being phenylglyoxalcyano- 
hydrazone, QjHr/CO'CHIN’NH-CN, was indicated, but evidently 
not preferred, by Wolff, because in a much later paper with 
Qreulich {AmmLetiy 1912, 393, 41) the corresponding product 
from diazoaoetone was represented by the formula 
CHs-CO-CHg-NIN-CN. 

Diazocamphor being now a convenient material in which to 
observe the behaviour of the diazo-group, we have prepared from 
it by the action of potassium cyanide a compound which can 
scarcely be other than the cyanohydrazone of camphorquinone, 
because it dissolves in sodium carbonate and is hydrolysed very 
readily by acids to the a-semicarbazone. It seems to follow that 
the alternative grouping, CH*NIN*CN, adopted by Wolff is 

£ B* 
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exduded, and that his ** aoetophenoneazocarbamide'' is really 
phenylglyoxalsemioarbazone, the phenylhydroxytriazine derived 
from it being, therefore, 

instead of 

It is thus 5-phenyl-3-oxy-l: 2 :4-triazine, strictly comparable with 
5 :6-diphenyl-3“Oxy-l: 2 :4-triazine prepared by Thiele and Stange 
(AnnoleUy 1894, 283, 27) from benzilsemicarbazone, and with 
camphaneoxytriazine from camphorquinone - )8 - semicarbazone 
(Forster and Zimmerli, T., 1910, 97, 2176). 

Unfortunately, the readiness with which the oyano-group in the 
cyanohydrazone undergoes hydrolysis has precluded the isolation 
of cyanohydrazine, NHg’NH-CN, which was one of the objects of 
our inquiry. Moreover, finding that a methyl derivative is readily 
obtained from the cyanohydrazone, and thus hoping to arrive at 
methylcyanohydrazine, NH 2 *N(CH 3 )*CN, we encountered another 
unforeseen obstacle. Not only did the cyano-group undergo 
hydrolysis with equal readiness, but the methylsemicarbazide 
obtained by complete hydrolysis of the camphorquinonemethyl- 
cyanohydrazone is not 2-methylsemioarbazide, as would be expected 
from the changes, 

+ NH2-N(CH3)C0-NH2, 


but an isomeric substance melting at 9U5° instead of 113®. In 
view of the indifference towards benzaldehyde shown by this 
isomeride, the only conclusion to be drawn is that it is the missing 
1-methylsemicarbazide, CHg'NH-NH-CO’NHg, and that methyl- 
ation of the cyanohydrazone has proceeded as follows: 




;jr*NH-CN 


OgH 


CH 
c:n-nK'Ck 
X 

uo 


.4<^1 X 






Support is given to this conjecture by the fact that whilst the 
cyanohydrazone is cdiourlees and has [Mj^ 674®, the methyl deriv¬ 
ative is bright yellow and has [MJjj 1460®; since the o-semicarb- 
azone with 619® and the methylsemicaxbazone are also colour¬ 
less, it is reasonable to conclude that the cyanohydrazone, which 
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pams into the semioarbazone so readily, is closely allied to it in 
struoturei and that this has become modified in methylation. 
borne analogy to such a change is offered by the alkylation of 
oximes, the products of which may be referred to both types, 

c:noh and c:nh:o. 

When hydrolysis of camphorquinoneoyanohydrazone is effected 
with mineral adds in methyl or ethyl alcohol, the a-semicarbazone 
is accompanied by a basic material, the composition of which is 
that of the cyanohydrazone increased by the elements of the 
alcohol employed. These compounds are indifferent towards 
alcoholic potassium hydroxide or benzoyl chloride, but are con¬ 
verted into camphorquinone and its semioarbazone by hydrochloric 
add; this behaviour and origin suggest that the bases are 




representing a new class of compounds, namely, imino-ethers of a 
semioarbazone. 


Experimental. 

Camphorquiruytiecyanohydrazone, OgH 

Whilst diazocamphor is completely transformed into the 
potassium derivative of the cyanohydrazone when an alcoholic 
solution remains for several days in contact with finely powdered 
potassium cyanide, action is more expeditious when the salt is 
dissolved in the minimum quantity of water. A solution contain- 
ing 20 grams of diazocamphor in 100 o.c. of alcohol was therefore 
mixed with 25 grams of potassium cyanide in 50 c.o. of water, 
alcohol being then added in quantity just sufficient to form a clear 
liquid. After four days, the solution was diluted largely with 
water and extracted three times with ether, the faintly yellow, 
aqueous portion being then deprived of the major part of its 
ether-content by cold exhaustion during one hour at the water- 
pump. Acidification with dilute hydrochloric acid precipitated the 
cyanohydrazone in glistening, almost colourless crystals, the filtrate, 
which still contain^ ether, depositing a small additional quantity 
on keeping; the product weighed 19 grams. If the partial removal 
of ether prior to precipitation is omitted, addition of acid separates 
an ethereal layer, which maintains the cyanohydrazone in solution, 
besides impairing the quality of the product. The substance was 
purified by dissolution in 2^ parts of acetone, to which 6 parts of 
petroleum (b. p. 65®) were then added, pearly leaflets being pre¬ 
cipitated; it becomes red at 141®, evolves gas at 204®, and a few 

E E* 2 
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degrees above tbis temperature melts indefinitely to a red liquid 
(Found: 0 = 64*63; H = 7*27; N = 20-52. requires 

0 = 64*39; H = 7*31; N = 20*49 per cent.). The oyanobydrazone 
dissolves in alkali carbonates, and is readily soluble in organic 
media, excepting petroleum. A solution containing 0*3006 gram 
in 26 C.C. of 10 per cent, sodium carbonate gave aj^ 4'^21' in a 
l-dcm. tube, whence [ajj^ 361*9®, which did not change during five 
weeks when protected from light; on exposure, however, the liquid 
rapidly became yellow and turbid. When examined immediately, 
a solution containing 0*3000 gram in chloroform diluted to 26 o.c. 
gave Oj) 3®21' in a l-dcm. tube, rising during nine days to 3®37', 
and subsequently falling; thus, the rotatory power in this solvent 
varies between [a]jy 279*1® and 301*4®. In alkaline solution, the 
oyanohydrazone is reduced by zinc dust or sodium hydrosulphite'' 
to aminocamphor (identified as the benzoyl derivative), but it does 
not couple with benzenediazonium chloride. 

The yellow compound into which the cyanohydrazone changes 
when the solid, or its solution in sodium carbonate, is exposed to 
light, appears to be the isomeride arising from the transformation 


0«H 


..<s 


N*NH*CN 


CgH 



ii*n:n‘Cn 

0 


> 


it crystallises from alcohol in silky, yellow needles containing the 
solvent, and was therefore precipitated from benzeile by petroleum 
(Found: C = 64*18; H = 7*43). The substance becomes red at 
182®, evolving gas at 189®, and passing to a viscous, red liquid at 
193®; it yields camphorquinone when heated with dilute sulphuric 
add. 

The methyl derivative of the cyanohydrazone was prepared' by 
shaking 20 grams dissolved in 80 o.o. of 10 per cent, sodium 
carbonate with 12 grams of methyl sulphate, and separated after 
thirty minutes in sulphur-yellow needles, weighing 19 grams; it 
melts at 136® after recrystallisation from methyl alcohol, separating 
in lustrous, transparent, six-sided plates (Found: C= 66*29; 
H = 7*86; N = 19-26. C 12 H 17 ON 8 requires C = 66*75; H = 7*76; 

N = 19*18 per cent.). It crystallises from boiling water in long, 
pale yellow needles, and is not volatile in steam. A solution con¬ 
taining 0*2000 gram in chloroform diluted to 26 0 . 0 . gave 
Ojy 6 ® 20 ' in a l-dcm. tube, whence [ 0 ]^, 666 * 6 ®. 

The henzoyl derivative, prepared by the Sohotten-Baumann 
process, crystallises from alcohol in long, colourless, striated plates 
melting at 166® (Found: N = 13*71. requires 

13*69 per cent.). A solution containing 0*2016 gram in 
chloroform diluted ta 26 ao. gave Ojj 2®25' in a l-dcm. tube, 
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whence [a]jj 299*6^. Under conditions which led to hydrolysis of 
the cyanohydrazone, the benzoyl derivative remained unchanged. 

The acetyl derivative was produced in the course of two days 
when the cyanohydrazone remained suspended in two parts of 
acetic anhydride, and, after crystallisation from glacial acetic acid, 
melte at 104° (Found: N = 16-98. CisHiANs requires N = 17*00 
per cent.). A solution containing 0*2048 gram in chloroform 
diluted to 25 c.c. gave 2^50' in a l-dcm. tube, whence 
[a]^ 345*8°. 

Attempts to prepare benzyl, j^-toluenesulphonyl, and hydroxy- 
ethyl derivatives of the cyanohydrazone were unsuccessful. 

Action of Acids on Cam'phorqtdnonecycmohydrazone. 

The course of hydrolytic change undergone by the cyanohydr¬ 
azone varies materially with experimental conditions. Thus cold 
concentrated sulphuric acid liberates gas, whilst 50 per cent, acid 
produces hydrazine and camphorquinone in a few minutes when 
warmed. With oxalic acid in hot alcohol, the o-semicarbazone of 
camphorquinone is formed, and this arises also when the cyano¬ 
hydrazone, dissolved in alcohol, remains during several days with 
hydrochloric or sulphuric acid; simultaneously, there is formed a 
basic substance, melting at 79*5°, when ethyl alcohol is used, and 
a lower homologue, melting at 133°, along with azocamphanone 
when methyl alcohol is the solvent. 

Twenty grams of the cyanohydrazone dissolved in 30 grams of 
alcohol were left with 32 grams of concentrated hydrochloric acid 
during ten days, in which period there separated lustrous, colour¬ 
less plates, augmented to 5*8 grams by dilution with water; this 
was identified with the a-semicarbazone by complete analysis and 
a melting point of the mixture. The quantity obtained from 
10 grams of the cyanohydrazone in 20 grams of alcohol with 
15 grams of sulphuric acid was very small, but a 50 per cent, yield 
was produced by hydrochloric acid when methyl in place of ethyl 
alcohol was used. 

The Accompanying Bases .—On rendering alkaline with sodium 
carbonate the filtrate from semicarbazone, there was precipitated 
a yellow, granular hose, weighing 8 grams in the above experi¬ 
ment with hydrochloric acid and 7 grams in that with sulphiiric 
add, which is thus more favourable to its production. After 
being twice recrystallised from alcohol diluted with water, it melts 
at 79*6°, separating in long, lustrous, pale yellow needle® (Found: 
0 = 62*06; H = 8*46; N = 16*73. CigHgiOgNj require® 0 = 62*15; 
H=8*86; N = 16*73 per cent.). A solution containing 0*2000 gram 
in ohloirofonn diluted to 26 c.c. gave ajy 2°14' in a 1-dom, tube, 
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whence [a]p 279*1®. The substance is indifferent towards alcoholic 
potassium hydroxide, but when warmed with hydrochloric acid 
yields a mixture of oamphorquinone with the a-semicarbazone; 
a suspension in sodium hydroxide is unchanged by benzoyl chloride. 

The homologue was prepared by carefully mixing the cyano- 
hydrazone (10 grams) dissolved in methyl alcohol (20 grams) with 
concentrated sulphuric acid (15 grams). After one week, liberal 
dilution with water precipitated a small amount of azocamphanone, 
the filtrate giving a deep yellow, viscous product when rendered 
alkaline. This was washed and set aside for many weeks, during 
which time it gradually became friable, and was then extracted 
several times with hot petroleum (b. p. 65®), which removed a verv 
small quantity of a vellow, crystalline material melting at 86®. 
A solution of the residue in cold methyl alcohol was diluted with 
water until turbid, and the clear liquid decanted next day from 
an oily deposit; a yellow, solid hose then separated, and melts at 
133® after recrystallisation from methyl alcohol (Found: 
0 = 60*95; H = 8*27; N = 17*66. requires 0 = 60*76; 

H = 8*01; N = 17*72 per cent.). A solution containing 0*2023 gram 
in chloroform diluted to 25 c.c. gave 2®9' in a 1-dcm. tube, 
whence [a]^ 265*7®. 


JJydrohfnf^ of the Methyl Derivative of Carriphorqvmonecyam>o- 

hydrazone. 

The conditions which produce the asemicarbazone from the 
cyanohydrazone did not lead to the corresponding methyl deriv¬ 
ative from the methylated cyanohydrazone ; instead, the hydrazine 
residue appears to be removed in the form of 1-methylsemicarb- 
azide, associated with a compound having the empirical formula 
of the original methyl derivative, but melting at 101®. 

The methyl derivative (10 grams) in alcohol (30 grams) was left 
with anhydrous oxalic acid (4*1 grams) during ten days, when the 
solution had deposited colourless, silky needles (0*65 gram). These 
having been filtered, liberal dilution with water precipitated a 
yellow, viscous product (6*8 grams), from which steam removed 
oamphorquinone (1*4 grams); by treatment with alcohol, the 
sticky residue yielded a pale yellow substance, which melts at 101® 
after crystallisation from petroleum (Found: C = 66*08; H = 8*05; 
N = 19*01. C] 2 H| 70 N 3 requires 0 = 65*76; H = 7*76; N = 19*17 per 
cent.). This product yielded oamphorquinone with hydrochloric 
acid, and its formation was not observed when the methyl deriv¬ 
ative was heated with oxalic acid in alcohol under reflux instead 
of remaining at the ordinary temperature. Thus the former pro- 
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cedure is preferable for obtaining the l-methylsemioarbazide 
oxalate^ 1*2 grams of which was produced from 6*6 grams of the 
methylated cyanohydrazone. It is freely soluble in water, from 
which alcohol precipitates it in colourless, silky needles; it melts 
and effervesces at 171° (Found: N = 23-74. C 2 H 70 N 3 ,C 2 H 204 

requires N = 23*46 per cent.). 

\~Mtthylsemica/rhazide was isolated by heating the oxalate in 
water with calcium carbonate until effervescence ceased, evapor¬ 
ating the filtrate to dryness, and extracting the residue with boil¬ 
ing benzene, which deposited colourless, pearly leaflets melting at 
91-50 (Found: N^=47*01. C 2 H 7 ON 3 requires N = 4719 per cent.). 
It rapidly gives a mirror with ammoniacal silver oxide, and reduces 
Fehling^s solution on boiling, but it does not combine with benz- 
aldehyde. The oxalate was also obtained by decomposing the 
methyl derivative of the cyanohydrazone (10 grams) in alcohol 
(40 grams) with sulphuric acid (5 grams) at the ordinary tempera¬ 
ture, diluting largely after ten days, filtering from camphorquin- 
one ( 2*6 grams), neutralising with barium carbonate, and evapor¬ 
ating the filtrate until pasty; on dissolving in alcohol and adding 
oxalic acid, the oxalate (0*7 gram) slowly separated. 

Attempts to prepare 1-methylsemicarbazide by indirect methods 
for comparison with the foregoing product were unsuccessful. 
Benzylidene^emicarbazone (which melts at 225°, instead of 214° 
as stated in the literature) could not be methylated by methyl 
sulphate in boiling benzene or in cold alkali, and the action of 
benzoyl chloride in pyridine led to 5 -benzoylbenzylidenehydrazine, 
CfiHr/CHlN-NH-CO-C.H,, melting at 208° (Found:' C = 75-18; 
H = 5*45; N = 12*50. Calc.: C-75-00; H = 5-35; N = 12*50 per 
cent.). On the other hand, when acetonesemicarbazone is treated 
with benzoyl chloride in pyridine, the product is benzoylsemi- 
carbazide, melting at 222°. In this connexion, it should be men¬ 
tioned that the oxaJMe of 2 -methylsemicarbazide, prepared for 
comparison with the foregoing salt, melts and effervesces at 155° 
(Found: hr = 3T69. (C 2 H 70 N 3 ) 2 ,C 2 H 204 requires N = 31'34 per 

cent.). It crystallises from hot water in transparent prisms, and 
is very sparingly soluble in alcohol. 


Camphor quinonemethylsemica^hazofie 


c:n-n(ch3)-co-nh 


2 


Having regard to the abnormal behaviour of camphorquinone- 
oyanohydrazone on methylation, brought to light by the produc¬ 
tion of l-methylsemicarbazide on hydrolysing the product, it was 
thought desirable to methylate the o-semicarbazone. Action in 
this case is normal, the methylated semicarbazone being identical 
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with the subetano© obtainable from oamphorquinone by oondenea- 
tion with 2 -methylsemioarbazid©. 

The a-semioarbazone (4-7 grams), dissolved in 10 per cent, 
sodium hydroxide (10 o.c.) and sufficient water to form a clear 
solution, was shaken with methyl sulphate (4 grams), when a 
colourless solid (4*6 grams) was precipitated. Being very soluble 
in alcohol, liberal dilution with water was necessary before it 
crystallised in colourless, triangular plates; it melts and evolves 
gas at 176°, and rapidly becomes bright yellow on exposure to 
light. In view of the misleading results of analysis, which pointed 
at hrst to a dimethyl derivative, the same compound was prepared 
also from camphorquinone (6 grams) and 2 >methylsemicarbazide 
(3*3 grams) in alcohol, when it was found to contain water of 
crystallisation (Found : C = 58*17, 58*27; H = 8*18, 8*27; 

N = 17*07. Ci 2 Hi 0 O 2 N 8 ,itH 2 O requires 0 = 58*54; H = 8*13; 
N = 17*07 per cent.). A solution containing 0*2051 gram in chloro* 
form diluted to 25 c.o. gave Oj, 3°30' in a 1-dcm. tube, whence 
[a]jy 426*6°. On hydrolysis with aqueous sulphuric acid and 
removal of oamphorquinone by ether, the remaining liquid gave 
benzylidenemethylsemioarbazone (m. p. 162°) with benzaldehyde. 


Further Changes wider gone hy Dimocamphor, 


Concurrently with the foregoing, attempts have been mad© to 
bring diazooamphor into combination with various agents likely 
to attack the diazo-group. For instance, it seemed probable that 
CCl*CO*CCl 

the triketone, _]>C 8 Hj 4 , or, alternatively, the 


chloride of chlorocamphoroarboxylic add, CgH 



Cl-OOCl 

0 


might 


arise by the action of carbonyl chloride, since Staudinger has found 
that diphenyldiazomethane is thus converted into diphenylchloro- 
acetyl chloride (Ber., 1916, 49, 1939); although nitrogen is dis¬ 
engaged slowly, however, the action leads only to Angelins 
camphenone, the ketone produced on heating diazooamphor. The 
oonstitution of this has been recently shown by Bredt and Holz 
(/. pr, Chew,, 1917, [ii], 96, 133) to be that of a ^pericpclo- 
c^phanone. Unsuccessful, also, were attempts to couple the 
diazo-,group with, or to displace it by, nitromethane, ethyl 
malonate, picryl chloride, or phenylaoetonitrile. 

It has been already observed (T., 1910, 97, 2171) that ammonium 
sulphide reduces diazooamphor to a mixture of the o- and j 8 -hydr- 
azones of camphorquinone; other reducing agents, such as sodium 
bydrosulpbitei'^ stannous ohlonde in ethers an 
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couple, and aluminium in sodium hydroxide, transform it into 
camphor. In view of a recent paper by Staudinger and Miescher 
(Helv. Ghim. Acta, 1919, 2, 554), who obtained nitrones of the 
general formulae R-CHINXIO and Rg-CINXIO by the action of 
aromatic nitroso-derivatives on aliphatic diazo-oompounds, we 
heated diazooamphor with nitrosobenzene, obtaining camphoryl-iV- 
phenylnitrone (ivonitrosooamphor-iV^-phenyl ether), corresponding 
with the i\^-methyl (T., 1904, 85, 896) and the il^-ethyl (T., 1908, 
dS, 251) ethers already prepared from sodium isonitrosocamphor 
and the alkyl iodides. Attempts to produce analogous deriv¬ 
atives from nitrosodimethylaniline, nitrosodiphenyl amine, and 
nitrosocarbazole failed. 


The "^-Phenyl Ether of i^Nitro^ocamphor, 


Diazocamphor (4*5 grams) and nitrosobenzene (2*6 grams) were 
heated together at 65° until gas evolution became brisk, when the 
tube was withdrawn and cooled; the diminished action was 
alternately stimulated and checked until it was safe to heat the 
mixture continuously. The deep green colour gradually faded to 
pale brown, and when gas no longer emerged, the product was set 
aside until crystals appeared. These were augmented by adding 
petroleum, from which the substance was recrystallised in lustrous, 
yellow needles melting at 78° (Found: C=74'48; H = 7*63; 
N = 5*53. Ci(^Hi 902 N requires C = 74*71; H = 7-39; N = 5*44 per 
cent.). A solution containing 0*2037 gram in chloroform, diluted 
to 26 O.C., gave Cp 0°45' in a 1-dcm. tube, whence [a]p 92*0°. 
Reduction with aluminium-mercury in ether gave phenylamino- 
camphor. 


In conclusion, we desire to express our thanks to the Managers 
of the Royal Institution for their courtesy in placing a laboratory 
at our disposal. 

SaIiTbes’ Institute of iNDUSTRiAii Chemistry, 

St. Swithin’s Lane, E.C. 4. [Beceived, May 12^^, 1920.] 
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hXXX.ll.—Organo-derivatives of Bismuth, Part III. 
The Preparation of Derivatives of Quinquevalent 
Bismuth. 

By Frederick Challenger and Archibald Edwin Goddard. 

With the object of preparing salts of the unknown compounds 
P^BiO or Ph 3 Bi(OH) 2 , the action of aqueous potassium hydroxide 
and moist silver oxide on triphenylbismuthine dichloride has been 
investigated under various conditions. In all cases, triphenyl- 
bismuthine is regenerated. The same result is obtained if the 
dibromide is treated with alcoholic sodium hydroxide. Triphenyl- 
stibine dibromide when similarly treated yields triphenylstibine 
dihydroxide (Michaelis and Reese, Annalen, 1886, 233, 50). If 
the solution obtained from triphenylbismuthine dichloride and 
aqueous alkali is treated with acetic, tartaric,- or a similar organic 
acid, mixtures are obtained which contain dichloride and basic 
chloride, and very little, if any, acetate or tartrate. Better results 
were obtained with the carbonate described, but not analysed, by 
Michaelis and Marquardt (Annalen, 1889, 261, 330). This com¬ 
pound with acetic acid givee triphenylhumuthine acetate, 
Ph 3 Bi(OAc) 2 . The corresponding camphorsulphonate and lactate 
appear to be formed, and are now under investigation. With 
hydriodic acid, the carbonate reacts at the ordinary temperature, 
with the formation of a red compound, which is probably the one 
already described by Challenger and Allpress (T., 1915, 107, 21). 
Similar results were obtained by triturating the carbonsite with 
water and iodine. This is further evidence of the instability of 
triphenylbismuthine di-iodide, which cannot be prepared from 
triphenylbismuthine and iodine. Triphenylbismuthine diohloride 
dissolves in cold concentrated sulphuric acid, giving triphenyl- 
hisfwathine sulphate, which does not melt at 284°. Very little 
^ bismuth sulphate is produced in this reaction if rise of temperature 
is avoided, but the amount increase® if the solution in sulphuric 
acid is left for several hours before pouring into water. Solution 
in ammonia and treatment with hydrochloric acid oonverte the 
sulphate into the hade chloride, which, on warming with concen¬ 
trated hydrochloric acid, gives the dichloride. The basic chloride, 
Ph 3 Bi(OH)Cl (m. p. 160—161°), is formed in various reactions, 
for example, {a) by the action of moist ammonia gas on triphenyl¬ 
bismuthine dichloride in chloroform solution (a method by which 
the baste, bromide, m. -p. 150—151°, has also beto prepared); 
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(h) from sodium and the dichloride in ether containing a trace of 
moisture; (c) by the action of aqueous ammonia on the dichloride. 
Up to the present, however, this compound has not been obtained 
from the dichloride by means of water or aqueous alcohol, accord¬ 
ing to which method Stilp * (Diss,, Rostock, 1910) prepared the 
basic bromides of tri-p-tolyl- and trixylyl-bismuthines. 

When warmed with concentrated hydrochloric acid, it gives the 
dichloride. The action of acetic acid on the basic chloride gives 
rise to the dichloride and a compound, which is probably the 
acetate, in which case the reaction may be represented thus: 

2(C,H,)3Bi(OH)Cl - (C,,H,,)3BiClo + (CoTT,)3Bi(OH)., 

(C,H,)3Bi(OH)2 + 2CH3-C02H = (CoH,)3Bi(0-c6-CH3)2 + 2 H 2 O. 

This is analogous to the action of acetic acid on the basic bromide 
of diphenyltelluride, Ph 2 Te(OH)Br, which gives rise to the 
dibromide, and probably the diacetate (Lederer, Annalen, 1912, 
391, 335). 

With magnesium methyl iodide, the basic chloride does not give 
triphenylmethylbismuthonium hydroxide, Ph 3 Bi(OH)CH 3 , but the 
dichloride and triphenylbismuthine, which points to the instability 
of the hydroxide. Triphenylmethylarsonium hydroxide, however, 
is a crystalline compound melting at 125—126^^, prepared by the 
action of moist silver oxide on the iodide (Michaelis, Armaleny 
1902, 321, 166). 

The action of copper bronze on triphenylbismuthine dichloride 
leads to the production of diphenylohlorobismuthine, probably 
owing to the prolonged action of heat, and not to contact with the 
copper. No compound of the type Ph 3 BiIBiPh 3 was isolated. 

In this connexion, it is worthy of note that triphenyl- and tri- 7 >- 
tolyl-bismuthines and arsines, and also tri-a-naphthylbismuthine 
and triphenylbismuthine dichloride, have the normal molecular 
weight in benzene solution. Complexes of the type R3MIMR3, 
which might possibly arise owing to the unsaturated nature of 
these organo-metallic or metalloidal compounds, do not appear to 
be formed. 

The abnormal behaviour of the halogen derivatives of the 
bismuthines towards the Grignard reagent has been referred to in 
previous papers, t It is further exemplified by the fact that tri¬ 
phenylbismuthine is the principal product obtained when 

♦ The results described in this dissertation do not appear to have been 
published elsewhere. 

f Better results may possibly be obtained by modifying the conditions 
of reaction with the Grignard reagent, or by the use of organo-zino or 
tnerQury derivatives. Experiments in this direction are in progress. 
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magnesium ^tolyl bromide reacts with triphenylbismuthine 
dichloride and diphenylbromobismuthine, and in the reaction 
between triphenylbismuthine dichloride and magnesium o-naphthyl 
bromide. Lederer (5«r., 1911, 44, 2287) has shown that triphenyl- 
telluronium chloride yields diphenyltelluride and diphenyl when 
treated with magnesium phenyl bromide, whilst di-^anisyltelluride 
dibromide is reduced to di-o-anisyltelluride on treatment with 
magnesium methyl iodide [{Ber.y 1920, 63, 713). Compare also the 
remarkable instability of the mixed mercury diaryls (Hilpert and 
Gnittner, Ber., 1915, 48, 406)]. 

Iodine trichloride reacts with triphenylbismuthine, producing 
the dichloride and iodobenzene. 

Tri-a-naphthylbismuthme dichloride was prepared by the action 
of chlorine on the bismuthine; Stilp {loc. dt,) was unable to obtain 
this compound. Like triphenylbismuthine dichloride, it is more 
stable than the corresponding dibromide. 

The action of moist silver oxide in acetone is similar to that 
observed with triphenylbismuthine dichloride, and gives rise to 
tri-a-naphthylbismuthine. 

Diphenyl-o-naphthylbismuthine has been previously described 
(T., 1914, 106, 2216). Since attempts to obtain other mixed 
bismuthines have failed, the reaction between diphenylbromo¬ 
bismuthine and magnesium a-naphthyl bromide has been further 
studied. Whilst the mixed bismuthine has again been obtained 
and diphenyl-o-naphthylbismuthine dibromide analysed, the main 
product of the reaction consists of triphenylbismuthine. 

Michaelis and Marquardt (AnnaleHf 1889, 261, 320) observed 
that excess of ammonium sulphide decomposed triphenylbismuthine 
dibromide according to the equations: 

(1) (C0H5)3BiBr2 + (NH4),S - + S; * 

(2) 2(CeH0)3Bi + 3H2S-6CeH04-Bi2S3. 

We have found that this reaction can be made the basis for the 
estimation of bismuth in substances of an analogous composition 
which, unlike the tertiary bismuthines, do not yield bismuth 
chloride with hydrochloric acid. 

Triphenylstibine dihaloids do not react thus with hydrogen 
sulphide in alcoholic ammonia, but yield triphenylstibine sulphide. 
The bismuthine is therefore lees stable than the corresponding 
stibine. 

* In the absence of excess of hydrogen^ stilphide the bismuthine (only is 
obtained* 
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Experimental. 

Actum of Moi^t SUver Oxide on THphenylhismuthme Dichloride, 

(«) In the Gold, —^Two grams of triphenylbismuthine diohloride, 
about 30 0 . 0 . of acetone, 0*93 gram of silver oxide, and 1 o.c. of 
water were shaken on a machine for sixteen hours, when 1*1 grams 
of triphenylbismuthine (m. p. 78°) were obtained from the acetone 
solution. The residue consisted of silver oxide, silver chloride, and 
a trace of bismuthine. 

(6) At about 60°.—Five grains of triphenylbismuthine dichloride 
and 2*3 grams of silver oxide were heated in moist acetone on a 
water-bath for one hour. After removing the silver chloride and 
unchanged silver oxide, 3*2 grams of triphenylbismuthine were 
obtained. 

A ction of A Icoholic Potasdum Hydroxide on Triphenylhismuthine 

Bichloride, 

(а) In the Gold, —Three grams of triphenylbismuthine dichloride 
and 0*7 gram of potassium hydroxide in absolute alcohol were 
shaken for five and a-half hours. 

Two kinds of crystals separated on keeping, (a) stout needles, 
and (6) small, fine needles mixed with a heavy powder, which were 
extracted with absolute alcohol, leaving potassium chloride. The 
alcoholic extract yielded triphenylbismuthine (m. p. 78—80°). 
The crystals (a) were found to be triphenylbismuthine diohloride. 

The main bulk of the mixture was evaporated, when more 
triphenylbismuthine was obtained. 

(б) At the Boiling Point. —Five grams of triphenylbismuthine 
dichloride in absolute alcohol were boiled for three hours with 
1*2 grams of potassium hydroxide, and the solution filtered. From 
the filtrate, three deposits, (a), (6), and (c), were obtained. The 
crystals («) melted at 138°, oonWned halogen, and most probably 
consisted of a mixture of triphenylbismuthine, triphenylbismuthine 
diohloride, and the basic chloride (see p. 768). 

Deposit (6) was shaken with cold light petroleum; the extract 
deposited triphenylbismuthine, the insoluble portion yielding 
unchanged dibhloride (m. p. 120—121°). 

Deposit (c) was heated with water, the soluble portion yielding 
triphenylbismuthine (m. p. 78°); the insoluble residue consisted 
chiefly of potassium chloride. 
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Acticm of Aq'weom Potassium Hydroxide on Triphenylhisrrmthme 

Bichloride. 

Tkree grams of triphenylbismuthine dichloride, 0*7 gram of 
potassium hydroxide, and 30 o.c. of water were shaken in the cold 
for five and a-half hours, and the mixture was filtered. The 
residue was triphenylbismuthine dichloride. The filtrate was 
evaporated to dryness and treated with absolute alcohol, which 
removed potassium chloride. The solution was evaporated, and 
the residue, after crystallisation from light petroleum, melted at 
77—78°, and did not depress the melting point of triphenyl¬ 
bismuthine. 


Attempts to Isolate Triphenylhismuthme Dihydroxide or 
Triphenylhismuthine 0xide. 

(1) Triphenylbismuthine dichloride was treated with aqueous 
potassium hydroxide in the cold as before, and the solution 
extracted three times with ether. The extract became cloudy on 
keeping, possibly owing to the absorption of atmospheric carbon 
dioxide. A solid finally separated which, on crystallisation from 
petroleum, melted at 74®. This was shown to be impure triphenyl¬ 
bismuthine. The aqueous portion also became cloudy and 
deposited triphenylbismuthine, which melted at 78—79® after 
crystallisation from alcohol. No compound corresponding with a 
dihydroxide or oxide was isolated. 

(2) Triphenylbismuthine dibromide was dissolved in alcoholic 
soditim hydroxide, and the precipitate of sodium bromide filtered 
off. No further deposit was noticed after the solution had 
remained for a week. Part of the alcohol was therefore 
evaporated, when long needles of triphenylbismuthine were 
deposited. 

Preparation of MichaeUs's so-called Basic Carbonate. 

Triphenylbismuthine dibromide (m. p. 122—^.124®) was suspended 
in alcohol and treated with excess of solid sodium hydroxide. 
Carbon dioxide was passed through the solution, the voluminous, 
white precipitate collected, and the operation repeated until 
no further deposit was formed. The solid was washed with 
much oold water, and appeared to be free from halogen. In order 
to free it from adhering alkali carbonate, it was boiled with water, 
but even after continued boiling it gave the flame reaction for" 
sodium. This trace of impurity proWbly accounts for the low 
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peroentagee of carbon obtained in the analyses. It did not melt 
at 220° (Found: C = 44*40, 44*16; H = 3*01, 3*07; Bi=:41-87, 41*45. 
^ 19 ^ 16 ^ 3 ®! requires C = 45*68; H = 3*03; Bi = 41‘67 per cent.). 

It is evident from these results that the compound which 
Miohaelis described as a basic carbonate, PhgBiO + COo, is in reality 
the normal carbonate, PhgBiCOg. 

Triphenylbismuthine carbonate is insoluble in ordinary organic 
solvents; different preparations varied in colour from pure white 
to pale yellow. With concentrated hydrochloric acid, effervescence 
took place, and triphenylbismuthine dichloride (m. p. 126^) was 
obtained. 

Action of Glacial Acetic Acid on Trijjhenylhisniuthine Carbonate. 

Three grams of triphenylbismuthine carbonate were dissolved in 
a small quantity of glacial acetic acid by the aid of heat. Carbon 
dioxide was evolved, and, on cooling and adding a small quantity 
of water, a white precipitate was obtained, which was collected and 
washed with light petroleum, air being drawn through until the 
solid no longer had the odour of acetic acid. The substance melted 
sharply at 162®, and on crystallisation from water and acetic acid 
had the same melting point. The yield was 3*3 grams (Found: 
C = 47*06, 47-58; H = 3*86, 3*72; Bi = 37-31, 37-13. Co2H2i04Bi 
requires C— 47*39; H = 3*79; Bi —37*32 per cent.). 

Triphenylbismuthine acetate is a white powder completely soluble 
in glacial acetic acid or ethyl acetate on warming. It is readily 
soluble in cold chloroform or nitrobenzene and in xylene on warm¬ 
ing, moderately so in warm benzene, acetone, carbon tetrachloride, 
or alcohol, and insoluble in water or light petroleum. 

If the acetic acid solution of the acetate is allowed to remain for 
several days without addition of water, long, transparent needles 
separate, which soften at 130® and melt at 136—137® (Found: 
Bi = 35*16, 35*36. C 22 H 2 j 04 Bi,JC 2 H 402 requires Bi = 35*43 per 

cent.). 

If this substance is triturated with water, the acetate (m. p. 
162°) is obtained, which, if dissolved in acetic acid and allowed to 
crystallise, again yields the acid acetate. 

Acticm of Eydriodic Acid and Iodine on Triphenylbismuthine 

Carbonate. 

Hydriodio acid, containing as usual a little free iodine, was 
added to the carbonate; a red compound was immediately formed 
and an odour of iodobenzene noticed. The red product appeared 
to be a mixture. 
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The same result was obtained when the carbonate was triturated 
with an aqueous solution of iodine. 


Action of Sulphuric Acid on Triphenylbismuthine Dichloride, 

Triphenylbismuthine dichloride (6 grams) was added during 
fifteen minutes, with constant shaking, to 20 ao. of sulphiuio acid 
maintained at about 10° Hydrogen chloride was evolved, and a 
clear solution obtained, through which air was drawn for three 
hours to remove dissolved hydrogen chloride, after which the 
mixture was poured on ice. The precipitated solid (6*3 grams) 
was well washed with water, dried, extracted twice with boiling 
chloroform, and washed with ether. The acid wash waters 
contained inorganic bismuth, from which, however, the solid was 
free (Found: Bi = 38*60; S = 6*10. CigHj 5048 Bi requires 
Bi = 38*80; S = 5*98 per cent.). 

Triphenylhiemuthine sulphate is a white solid not melting below 
280°,* and is very sparingly soluble in the usual organic solvents. 


Action of Moist Ammonia Gas on Triphenylbismuthine Dichloride, 

Nine grams of triphenylbismuthine dichloride were dissolved in 
chloroform containing a little light petroleum. Moist ammonia 
gas was passed in, the solution became cloudy, and soon 
deposited a white solid. This was collected, and the operation 
repeated until no more solid separated. The deposit was washed 
with cold water until all ammonium chloride was removed. Wash- 
ing was then continued with boiling water. This produced violent 
frothing of the solid, and chloroform was evolved, the latter prob¬ 
ably being present as chloroform of crystallisation. When no 
further effervescence was noticed, the residue was dried on porous 
porcelain, and then in the air. It melted at 156—158°, and, after 
crystallisation at 160—161°, the latter figure being unaltered after 
repeated recrystallisation. Two separate preparations were 
analysed (Pound: Cl = 7-26, 7*20; Bi=42*34, 42*54. CigHjeOClBi 
requires Cl = 7*21; Bi = 42*31 per cent.). 

Triphenylbismuthine hydroxy chloride is a white powder insoluble 
in water or light petroleum, moderately soluble in ether, acetone, 
benzene, or xylene, completely so in alcohol or nitrobenzene on 
heating, and readily so in cold chloroform. 

The derivative containing chloroform was not analysed, since the 
combined solvent was liberated on keeping in air or drying in a 
vacuum. 



ORGANO-DBEIVATIVBS OF BISMITTH. PABT HI. 


769 


Act%(m of Sodium on Triphemflhismuthine Dichloride vn Ether. 

Five grains of triphenylbismuthine dichloride and 1 gram of 
sodium were suspended in ether and heated on a water-bath for 
nine hours, and the product was filtered. The filtrate, on keep- 
ing, deposited crystals melting at 160—162*^, which did not depress 
the melting point of triphenylbismuthine hydroxychloride. The 
sodium in the residue was destroyed by alcohol, and the remaining 
solid extracted with acetone, when sodium chloride was left, and 
the solution gave a further quantity of hydroxychloride. The 
production of this compound was probably due to a trace of 
moisture in the ether. 


AcUom of Water cm Tri'phenylhismuthine Dichloride. 

Two grams of triphenylbismuthine dichloride were dissolved in 
alcohol, the solution was poured into a large excess of water, and 
evaporated slowly to dryness. The residue was evaporated with 
water several times, and the melting point of the product was 
unchanged. No hydroxychloride, hydroxide, or oxide had thus 
been formed. 

Action of Glacial Acetic Acid on Triphenylbismuthine 
H ydroxychlorid e . 

Two grams of triphenylbismuthine hydroxychloride were dis¬ 
solved in glacial aceiic acid by the aid of heat. On cooling, a 
solid was deposited, which melted sharply at 142°. This was 
boiled with acetone and filtered. On cooling the filtrate, crystals 
appeared (m. p. 152—153°), containing bismuth and organic 
matter, but no halogen. Recrystallisation from chloroform and 
then alcohol gave products melting at 146—148° and 152—153°, 
probably impure triphenylbismuthine acetate (m. p. 162°). 

The acetone mother liquors deposited well-defined crystals melt¬ 
ing at 128—130° after recrystallisation from alcohol. Further 
crystallisation gave long needles (m. p. 126°), which did not depress 
the melting point of triphenylbismuthine dichloride. 

The residue left from the acetone extraction of the product, 
melting at 142°, fused at 136—138°, and was shaken with cold 
chloroform, in which it was completely soluble. This solution was 
carefully investigated, but only unchanged basic chloride (m. p. 
160—161^^) and a small amount of a visdd residue could be isolated. 
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Action of Magne^mm Methyl Iodide on TriphenylhisfmUhme 
Hydroxy chloride, 

Triphenylbismuthine hydroxyohloride (1*2 grams) was added to 
a solution of 0*05 gram of magnesium and 0*3 gram of methyl 
iodide in dry ether; an orange coloration appeared, which per¬ 
sisted for some time. Next day the mixture was heated on a 
water-bath for five hours and filtered. The residue contained 
practically no organic matter. The main ethereal solution was 
evaporated, when two distinct types of crystals separated, together 
with a trace of oil. The crystals were washed with warm alcohol; 
the residue contained halogen, melted at 125—126°, and did not 
depress the melting point of triphenylbismuthine dichloride. The 
alcoholic solution yielded triphenylbismuthine. Since no trace of 
the iodine was discovered, it was probably contained in the oil, 
which was too small in quantity for further investigation. 

Action of Moist Ammonia Gas on Triphenylbismuthine Dihromide, 

The preparation was carried out a? in the case of the basic 
chloride, the crude product apparently containing chloroform of 
crystallisation, as before. After washing with hot water, it 
melted at 150—151°, and, after four recrystallisations, had a 
constant melting point of 147—148° (Pound: Br —15*44, 15*41; 
Bi = 38*43, 39*13. CigHi^OBrBi requires Br= 14*91; Bi = 38*79 
per cent.). 

The two preparations were made at an interval of sev^al 
months, and the somewhat high halogen contoat seems to point 
to the presence of a trace of unchanged dibromide. 

Triphenylhismuthime hydroxyhromide is a yellow powder, in¬ 
soluble in water, light petroleum, or ether, sparingly soluble in 
boiling acetone or benzene, moderately so in boiling toluene or 
xylene, and readily so in boiling alcohol or nitrobenzene and in 
cold chloroform. 

Action of Copper Bronze on Triphenylbismuthine Bichloride, 

Five grams of triphenylbismuthine dichloride and 0*6 gram of 
copper bronze were heat^ for eleven hours with dry acetone on 
a water-bath, and the solid was separated. On treatment of the 
concentrated acetone solution with light petroleum, triphenyl¬ 
bismuthine, a small amount of copper chloride, and diphenyl- 
chlorobismuthine (2*4 grams: m. p. 184—186°) were obtained, 
whilst the final residues bad a strong odour of chlorobensene. 
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Th© last two substances were probably formed from the dichloride 
by the prolonged heating, and not owing to the action of the 
copper. 

Molecular Weights of some Bismuth and Arsenic Derivatives. 

These determinations were carried out by the cryoscopic method 
in benzene solution. 

Triphenylhismuthine. —0*2845 gave A=—0T53^. M.W. 427. 
(C 6 H 5 ) 3 Bi requires 439. 

Triphenylar sine.—02^10 gave A=-0*179°. M.W. 298*9. 

(CfiH 5 ) 3 A 8 requires 306*1. 

Tri-p-tolylhismuthine.—0-2m4L gave A=--0*115°. M.W. 458*3. 
( 07117)331 requires 481. 

0*3605 gave A=-0*241o. M.W. 342*8. 

(C 7 H 7 ) 3 A 8 requires 348. 

Triphenylhismnthine. Dichloride. —0*8847 gave A =—0*470°. 

M.W. 498*5. (C 6 H 5 ) 3 BiCL> requires 509*5. 

Tri-a-'naphthylhismuthme. —0*1588gaveA= —0*122°. M.W. 577. 
(Ci()H 7 ) 3 Bi requires 589. 

All the above show normal values. 

Action of Magnesium p-Tolyl Bromide on Triphenylhismuthme 

Dichloride. 

The Grignard solution (T1 mols.) was added to triphenyl- 
bismuthine dichloride suspended in ether, and the usual transient 
violet coloration observed. The whole was heated on a water-bath 
for three to four hours, when a granular precipitate settled out. 
After twelve hours, the ether was evaporated and the residue dis¬ 
tilled in a current of steam. The product remaining in the dis¬ 
tillation flask solidified (m. p. 72—73°), and was recrystallised four 
times from alcohol, giving crops melting at 76°, 78°, 78°, the last 
fraction being melted with triphenylbismuthine. The mother 
liquors were fractionally crystallised, but no product other tham 
triphenylbismuthine could be isolated. 

Action of Magnesmm ^-Tolyl Bromide on Diphenylhromo- 

hismMthme. 

The reaction was carried out as above, and the mixture distilled 
in a current of steam; the residue melted at 70°, and was recrystal- 
Used three times from acetone, but in each case the crystals melted 
at 78° and gave the reactions of triphenylbismuthine. The mother 
liquors yielded a further quantity of triphenylbismuthine. 
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Action of lodim^ Trichloride on Triphenylbismuthme, 

Five grains of the bismuthine were dissolved in dry ether and 
2*7 grains of iodine trichloride in the same solvent gradually added. 
A momentary red coloration ajppeared on mixing, and a paJ^e 
brown oil separated out and soon solidified. The ethereal solution 
W518 evaporated, yielding an oil, which with chlorine in chloroform 
solution gave 0*4 gram of iodobenzene dichloride. The solid, after 
crystallisation from acetone and light petroleum, melted at 120° 
and did not depress the melting point of triphenylbismuthine 
dichloride. 


Tri-a-naphthj/lhismuthi'ne Dichloride. 

Five grams of the bismuthine were dissolved in dry chloroform 
and treated with chlorine. The addition of light petroleum gave 
a yellow precipitate (4*6 grams: m. p. 158—159°), and the mother 
liquors yielded a further 0*7 gram. Recrystallisation twice from 
chloroform-petroleum solution gave a product melting sharply on 
both occasions at 166° (Found: Cl = 10*68, 10*66; Bi = 30*67, 
30*84. C 3 oH 2 iCl 2 Bi requires 01 = 10*74; Bi = 31*61 per cent.). 

Tn-a-naphthylhisrrmthine dichloride is a yellow, crystalline 
powder readily soluble in chloroform, moderately so in acetone or 
benzene, and insoluble in light petroleum. On heating for several 
hours at 100°, it did not smell of chloronaphthalene, was stable to 
hydrochloric acid, and melted at 167—169°. 


Action of Moist Silver Oxidp on Tri-a-nophthylbismuthine 
Bichloride. 

The dichloride (2 grams) and silver oxide (0*7 gram) were 
suspended in moist acetone and well shaken. Reaction occurred 
almost at once, and, after two days, the mixture was filtered and 
the residue extracted with chloroform, which yielded two deposits 
of tri-a-naphthylbismuthine, 0*5 gram (m. p. 230°) and 0*2 gram 
(m. p. 232° on one crystallisation). Spontaneous evaporation of 
the acetone solution yielded a small amount of a brown solid, which 
became very viscid on warming with alcohol, had a strong odour 
of naphthalene, and was not further examined. 


Diphenyh-a-naph thylhismuthine Bib romide . 

Diphenyl-o-naphthylbismuthine (0*8 gram) was treated in dry 
chloroforln*-ether solution with a slight excess of bromine in ohloro> 
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form. On addition of light petroleum, 0*81 gram of dibromide 
was predpitated (Found: Br = 24*83; Bi = 31-87. C 22 Hi 7 Br 2 Bi 
requires Br = 24*59; Bi = 31*99 per cent.). 

DeterminatKm of the Metal in Deri/vatvvee of Qvinqnevcdent 

Bismnth. 

The substance (0*2—0*3 gram) was treated with about 10 c.c. 
of an ammoniacal solution of hydrogen sulphide, 'and the mixture 
evaporated to dryness in an air-bath at 115—125^, the benzene 
formed during the decomposition driven off, and the residue of 
bismuth sulphide and sulphur boiled for a few minutes with 10 c.o. 
of concentrated hydrochloric acid. The solution was filtered, 
diluted with water, hydrogen sulphide passed, and the precipitated 
bismuth sulphide filtered on a Gooch crucible, washed with carbon 
disulphide, dried, and weighed. 

The method was first tested on two well-known compounds, 
namely, triphenylbismuthine dichloride (Found: Bi = 40*44. 
CigHiQCl 2 Bi requires Bi = 40*78 per cent.) and dibromide (Found: 
Bi = 34*92. CigHi 5 Br 2 Bi requires Bi = 34*73 per cent.). 

f 

Our thanks are due to the Research Fund of the Chemical Society 
for a grant which has defrayed the expenses of this investigation. 

The UNivERsiTy, 

Edobastok, Bibmingham, [Received, June Zrd, 1920.] 


LXXXIII .—Note on the Preparation of certain lodo- 

compounds. 

By CuTHBERT William James, James Kenner, and 
Wilfrid Victor Stubbings. 

The authors, having occasion to attempt the preparation of certain 
2: G-derivatives of iodobenzene from the corresponding amino- 
compounds, were confronted with the well-known difi&culty that a 
number of the latter are only very incompletely diazotised under 
the conditions usually employed. The yield, however, of iodo- 
oompound obtained was usually very satisfactory when allowance 
was made for the proportion of amino-derivative unchanged. It- 
therefore only remained to achieve complete diazotisation, and it- 
was decided to apply the process specially recommended by Witt 
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in such oases (i?er., 1909, 42 , 2953), and consisting in the additioin 
of a mixture of the base with a molecular proportion of potassium 
metabisulphite to fuming nitric acid. By pouring the product on 
ice, as described by Witt, and adding a solution of iodine in 
potassium iodide, extremely satisfactory yields of great purity were 
achieved in the cases of 2-iodowophthalic acid, 2-iodo-3-nitrobenzoic 
acid, and 5-ohloro-4-iodo-3-nitrotoluene. 5'Iodoisophthalio acid is 
more satisfactorily prepared by the ordinary process, which involves 
no difficulty as regards diazotisation. Attempts to prepare 
picryl iodide were unsuccessful, probably owing to instability of 
the diazoniiim compound, and the method is also obviously 
unsuitable for compounds like benzidine, which are easily nitrated. 

When the diazotised solution, prepared by Witt's process from 
3-nitroanthranilio acid, was added to a large excess of cuprous 
chloride solution, the product contained, besides the desired ohloro- 
nitrobenzoic acid, a considerable amount of hydroxy-compound. 
Apparently, therefore, the method is unsuitable for the preparation 
of ohloro-derivatives. For many purposes, however, iodo-com- 
pounds are at least equally suitable, and it was considered that 
the successful outcome of the experiments now described might 
more usefully be separately recorded than as an incident in the 
syntheses for which the compounds in question were required. 

Experimental. 

%lodmmphthalic Add. 

The starting point for the preparation of this compound was 
2-nitro-m-toluio acid. The oxidation of this compound to 2-mtro- 
wophthalio acid, referred to by Noelting and Gachot (Bcr., 1906, 
39 , 73), by neutral potassium permanganate solution is only com¬ 
plete after the mixture has been boiled for some hours. Noelting 
and Gachot also describe the preparation of 2-amino^Vophthalio 
acid from the nitro-acid by means of tin and hydrochloric acid; it 
is more conveniently carried out by the addition of stannous 
chloride to a suspension of the nitro-derivative in a boiling mixture 
of acetic and hydrochloric acids. The free amino-acid separatee 
on cooling the solution. 

The conversion of 2-aminowophthalio add into 2-iodoi«aphthalio 
add was carried out by Mayer (Ber., 1911, 44 , 2301), but, as he 
admits, the product was very impure. On repeating the process, 
which consisted in the very slow addition of a solution of the 
sodium salt of the add and of sodium nitrite to dilute sulphuric 
add, a purer product was obtained, but only about 26 per cent, 
of the material was diazotised after thirty hours. Witt’s process 
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was therefore adopted, a finely ground mixture of amino^‘«ophthalio 
add (20 grams) and potassium metabisulphite (12*5 grams) being 
gradually added to fuming nitric add (45 o.c.) below 10°. After 
four hours, the mixture was poured on ice (220 grams), and to 
the resulting clear solution was added a solution of iodine 
(17 grams) in potassium iodide (33 grams) in the minimum 
quantity of water. The product (29 grams) melted at 229°. By 
crystallisation from water, the melting point rose to 236—238°, 
but a determination of the equivalent showed the acid still to 
contain 5 per cent, of hydroxyisophthalic acid. Mayer gives a 
melting point of 205—222°, even after purification of the add 
through its methyl ester. The probable explanation of the dis¬ 
crepancy became obvious when a small portion of the acid was 
submitted to hydrolysis by boiling alcoholic sodium hydroxide. As 
a result, pure hydroxywophthalic add, CeH 3 ( 0 H)(C 02 H) 2 ,H 2 ^ 
(m. p. 244°; equivalent, 99*3), was obtained, and further 
characterised by its red coloration with ferric chloride. 

^-Nitroanthranilic A cid. 

3«Nitroaoeto-o-toluidide was easily obtained by the addition of 
sulphuric add (2 grams) to a mixture of 3-nitro-a-toluidine 
(20 grams) and acetic anhydride (26 grams). A clear solution 
resulted, accompanied by a rise in temperature to 70°, and almost 
immediately after the whole set to a mass of crystals, which were 
collected after the addition of water. The product (25*5 grams) 
melted at 156°, which was raised to 157—158° by recrystallisation 
from dilute acetic add. 

3-Nitroacetylanthranilic add was prepared by oxidising 3-nitro- 
aceto-o-toluidide (10 grams) at 100° with a solution of potassium 
permanganate (22 grams) and magnesium sulphate (16 grams) in 
water (1100 grams). For some unexplained reason, the melting 
point of the product (9 grams) varied considerably. By fractional 
crystallisation from dilute acetic add, the product of several pre¬ 
parations was sepaurated into two distinct substances, one in the 
form of stout, golden-yellow prisms (m. p. 244*5°), the other in 
yellow needles (m. p. 178°), which it is hoped to discuss in a 
subsequent communication. 

By boiling 3-nitroacetylanthranilio add, either the crude oxida¬ 
tion product or the separate compounds above described, for 
thirty-five minutes with 50 per cent, sulphuric add (4 parts), 
almost pure 3-nitroanthranilic acid (m. p. 205°) is obtained in a 
yield of more than 90 per cent. The yield is diminished if the 
strength of add or the duration of boiling is increased. The add 
has been previously described by Hiibner {Armaleny 1879, 105, 



776 NOTIB ON THB PREPABATION OF OBETAIN lOBO-OOMWONDS. 


37 ), who obtained it in the form of its ester by the action of 
ammonia on ethyl S-nitrosalioylate. 

It is noteworthy that the esterification of the acid is only aooom- 
plished with difficulty under ordinary conditions. Thus, after the 
acid (10 grams) had been boiled with alcohol (60 o.c.) and sulphuric 
acid (6 0 . 0 .) for twenty-four hours, 5 grams remained unchanged, 
and 5*8 grams of ester had been produced. 

2-IodO‘'i-nitrohemoic Acid, 

(a) When a suspension of 3-nitroanthranilio add (10 grams) in 
sulphuric acid (11 grams) and water (53 grams) was diazotised in 
the usual manner, 6 5 grams of add remained undissolved, whilst 
from the solution 7 grams of crude iodonitrobenzoic add were 
obtained. A similar, but less satisfactory, result was obtained 
when the ester was used in place of the free add. 

(h) 202'5 Grams of nitrobenzoic add, when submitted to the 
treatment already described in the case of aminowfophthalic acid, 
gave 321 grams of iodonitrobenzoic add (m. p. 203—206^^), a yield 
of 98 per cent, of the theoretical. 

By crystallisation from water, the add is obtained in prisms 
melting at 206® (Found: N = 4*82. C 7 H 4 O 4 NI requires N = 4*78 
per cent.). 

d’ChloroA-iodo^S-nitrotolu^ne, 

(a) In an experiment by Mr. C. W. Judd, from 15 grams of 
6-chloro-3-nitro-j[?-toluidine, which had been treated with nitrous 
add and potassium iodide in the usual manner, 9 grams were 
recovered unchanged, whilst 6*5 grams of chloroiodonitrotoluene 
(m. p. 83®) were generated from the remainder. 

(5) Three grams of the base, treated as described for 2-amino- 
2 «ophthalio add, gave 3’7 grams of iodo-derivative (m. p. 92®). 

b-ChloroAfiodo^'-nitratoluene separatee from light petroleum in 
platee melting at 92®, which are colourless when pure, but usually 
red (Found: N=4*86. C 7 H 5 O 2 NCII requires pw cent.). 

The authors wish to express their acknowledgments to the 
Beeearch Fund Committee of the Chemical Society for a grant, to 
The British Dyestuffs Corporation for supplies of o-toluidine, and 
to Messrs. Whiffen and Sons for the iodide used in these experi¬ 
ments. Two of them (C. W. J. and W. V. 8 .) also wish to thank 
the Corporation for the, opportunity of collaborating in this work. 

Thu tJNiVBiusiTY, 

S hbitobl d. 


[Remved, Jms Zrd, 1020.) 
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LXXXIV .—Diphenylarsenious Chloride and Cyanide. 

{Diphenylchloroarsine and Diphenylcyanoarsine.) 

By Gilbert T. Morgan and Dudley Cloete Vining. 

The employment of diphenylarsenious chloride as a military poison 
has led in recent years to many experiments on the preparation 
of this compound and its intermediates. 

In one of these processes, triphenylarsine is the starting point, 
and this intermediate is produced by Michaelis's modification of 
the Pittig reaction, in which arsenious chloride, chlorobenzene, 
and sodium interact in an inert 
medium (La Coste and Michaelis, 

Ber,, 1878, 11, 1881; Annalen, 

1880, 201, 215; 1881, 207, 195; 

1902, 321, 160; Philips, Ber., 1886, 

19, 1031). As practised by these 
investigators, the process is imsuit- 
able for large-scale operations. The 
introduction of the whole of the 
sodium at the commencement of the 
process renders the operation hard 
to regulate, and unless great care is 
taken, the condition of the metal as 
regards superficial oxidation is likely 
to vary considerably from one batch 
to another, so that the onset and 
course of the reaction are not easily 
controlled. Moreover, the sludgy 
form in which the sodium chloride 
is left at the end of the condensation 
when carried out under the earlier 
laboratory conditions leads to 
further difficulties in the separation 
of triphenylarsine. The sodium 
present in large excess at the com¬ 
mencement of the operation certainly sets up side reactions, lead¬ 
ing to the formation of diphenyl and ill-defined arsenical products. 
In the small-scale plant illustrated in Fig. 1, these difficulties were 
obviated, and the whole operation could be completed without the 
addition of water, another factor which mak^ for safety. 

The cylindrical, steel reaction vessel (3 litres capacity), fitted 
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with a ateel cover rendered gas-tight with an asbestos washer, was 
supported by four upright steel rods fixed in a trough with a 
waste-pipe leading to the sink. Round the outside of the reaction 
vessel, and near the top, a perforated water-pipe was carried con¬ 
centrically, apd attach^ to the steel supports. By this means, a 
stream of cold water could be distribute over the outer surface 
of the reaction vessel, which could also be heated by a rose burner. 

The cover of the reaction vessel, A, which was perforated to 
admit a thermometer, carried the following fittings; 

(1) A central steel comb stirrer provided with a pulley for 
mechanical stirring. 

(2) A water-cooled steel reflux condenser. 

(3) A bafiie plate projecting into the vessel to assist in the 
mixing of the contents and to prevent the rotating liquid from 
splashing up in the condenser. 

(4) A sodium dropping apparatus, C, consisting of a cylindrical 
steel container (1 litre capacity) with a curved bottom perforated 
at its lowest point with an outlet hole (0-6 cm. in diameter). A 
steel tap and a sight-feed with transparent silica windows attached 
to the base, of the container enabled the operator to regulate the 
flow of molten sodium. 

A ring burner placed under the base of the sodium container 
just above the outlet tap was used to keep the metal in a molten 
condition. The steel cover of the container, made air-tight with an 
asbestos washer, carried a thermometer and a hand stirrer, shaped 
to scour the bottom of the container and provided with a sharp 
prong to dislodge any obstacle in the outlet tap. 

(5) A oylindfical glass reservoir, By for liquid (capacity, 800 c.c.) 
with steel ends, fitted with vertical outlet tube to reaction vessel, 
a needle valve regulated by a spindle, and a sight-feed with glass 
window. The steel cover of this reservoir was fitted with a screw- 
stoppered inlet and with a valve for introducing compressed air, so 
that the contained liquid was expelled under slight pressure. 

Pfpeedv/rt ,—^Arsenious chloride (276 grams), dblorobenzene (510 
grains), and xylene (400 c.c.) were mixed; half the liquid was 
placed in the reservoir and half in the reaction vessel, where it 
was diluted with 800 c.o. of xylene. Sodium (210 granis) was 
introduced into the sodium container and covered with xylene. 
The reaction vessel was heated to IQP and the sodium container to 
110^. Stirring was commenoed (speed of rotation, 260—300 revs, 
per minute), the sight-feed of the sodium apparatus warmed with 
a Bunsen burner, and molten sodium dropped into the reaction 
vessel, the rate being regulated by the lower thermometer, the 
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temperature of whicih. was not allowed to rise above 70°. External 
oooliug was applied when necessary. 

After fifteen minutes, the solution from the liquid reservoir was 
allowed to flow in concurrently with the molten sodium. When 
all the reagents had been introduced, stirring was continued until 
the temperature began to fall without external cooling by water. 
The reaction vessel was then heated to 90° and allowed to cool. 
At 60° the mixture was filtered through a Bomett press, the 
granular precipitate of sodium chloride was washed with warm 
xylene, and afterwards exposed to the atmosphere until any traces 
of unaltered sodium had been oxidised. The filtrate was distilled 
up to 220° to remove solvent and chlorobenzene. The liquid resi¬ 
due, on cooling, changed to a pale yellow, crystalline mass of tri- 
phenylarsine (m. p. 58—59°). Yield, 383 grams = 82 per cent. 

The outstanding advantages of this process are as follows: 

(1) As sodium is never in excess during the reaction, the process 
is readily controlled. 

(2) Water is excluded from all stages of the preparation, thus 
eliminating danger from the explosive interaction of sodium and 
this liquid. 

(3) The salt residue is granular and easily filtered. 

(4) The product is obtained directly in a state of purity without 
further treatment. 

(5) Other coal-tar hydrocarbons, such as benzene or toluene, 
can be substituted for xylene as the working fluid in this plant 
without any material change in the procedure. 

(6) The foregoing apparatus can be employed with advantage 
for other applications of the Fittig reaction, the gradual addition 
of dean, unoxidised sodium being a useful improvement on the 
older processes. 

Very favourable results were obtained in the preparation of 
triphenylstibine. Freshly distilled antimony trichloride (344 
grama), chlorobenzene (510 grams), and xylene (400 c.o.) were 
mixed, and the solution was divided equally between reservoir and 
reaction vessel. In the latter case, 600 c.c. of xylene were added 
aa diluent. Sodium (210 grams) covered with 500 c.o. of xylene 
was placed in the sodium container, and the process effected at 
70° in the manner already described. After filtering off in the 
Bomett press the dark grey, granular sodium chloride, the filtrate, 
on distilling up to 220°, left a residue of triphenylstibine (m. p. 
48—50°). 


F F 2 
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The Rotating A v^to clave. 

I. Conversion of Triphenylarsine into Diphen/ylarsenious Chloride. 

This conversion was carried out in tie rotating autoclave, a 
vessel formed by boring out the steel core of a 6-inoh high-explosive 
shell until the thicskness of the wall was about 1*9 cm. The steel 
cover, which was of similar thickness, was fastened down with 
twelve bolts and rendered gas-tight with a lead washer. The 
cover carried a powerful adjustable spring safety valve, a steel 
thermometer tube projecting into the cavity of the autoclave, and 
a hollow steel tube carrying an all-steel pressure gauge, which 
communicated with the interior of the vessel by means of a narrow, 
bored steel tube dipping into and protected by a concentric steel 
case partly filled with heavy oil, and having a small aperture at 

its upper end for admitting the 
compressed gases from the auto¬ 
clave. tU pressure-gauge tube 
was fixed in the centre of the 
cover and fitted with a pulley, so 
that it also served as the axle of 
rotation for the autoclave, which 
was supported and spun in an 
inclined position. Rotating auto¬ 
claves have been made on these 
lines by Mr. H. Edenborough, of 
the Technical College, Finsbury, 
with capacities ranging from 
500 c.o. to 9 litres. 

The vessel used in the following experiments had a working 
capacity of 1 litre, A glass lining blown to fit into the cavity of 
the autoclave was emplc^ed in lieu of an enamelled lining. 

Procedure. —^Triphenylarsine (250 grams) was heated for three 
hours with 75 grams of arsenious chloride at 260—280^, the 
pressure attained being about 4*2—7 kilos, per sq. cm. The con¬ 
tents of the autoclave were then distilled in a current of carbon 
dioxide under a pressure of 20—30 mm., the following fractions 
being collected: 

(a) 150—-190°: 68 grams, consisting of phenylarsenious 

dichloride with 32 per cent, of diphenylaxsenious chloride. 

(b) 190—220°: 180 grams of diphenylarsenious chloride, 93 per 
cent. 

(c) 220—^260°: 7 grams of triphenylarsine with 30 per cent, of 
diphenylarsenious chlCride. 


Fia. 2. 
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{d) Residue in still when extracted with chloroform yielded 
27 grams of unchanged triphenylarsine. 

Fraction (6) was cooled and drained, when it yielded 155 grains 
of colourless, crystalline diphenylarsenious chloride (m. p. 39—40°). 
The total yield of diphenylarsenious chloride was 66 per cent., of 
which 53 per cent, was isolated in a state of purity. 

Fractions (a) and (c) and the triphenylarsine extracted from 
{d) were heated to 150° to remove volatile impurities, and returned 
to the autoclave for a subsequent operation, when 60 per cent, of 
this material was converted into crystalline diphenylarsenious 
chloride. 

The residues from the second operation were available for 
further treatment, and the total yield of diphenylarsenious chloride 
was correspondingly increased. It was also found that 25 per 
cent, of this product could be frozen out from the contents of the 
autoclave without distillation. 

By the foregoing dry processes, chlorobenzene and arsenious 
chloride can be converted into crystalline diphenylarsenious chloride 
without the intervention of water or the use of any aqueous 
reagent, the overall yield of this product being upwards of 60 per 
cent. 

II. Diphenylarsenious Chloride from Fhenylarsenious Dichloride. 

The foregoing operations showed that the rotating autoclave can 
also be used with advantage in producing diphenylarsenious 
chloride from triphenylarsine obtained by the dry process, and 
phenylarsenious dichloride prepared by Barths disuso-prooess 
(D.R.-P, 250264; Chem. Fabrik. von Heyden, D.R.-P. 264924). 

These two reagents when heated for three hours at 250—280° 
gave a 60 per cent, yield of diphenylarsenious chloride, separated 
by the above-described fractional distillation. 

III. Diphenylstihme Chloride. 

Triphenylstibine, when heated with redistilled antimony tri¬ 
chloride for three hours at 25.0—280° in this autoclave, was con¬ 
verted into a mixture of diphenylstibine chloride (m. p. 68—70°) 
and phenylstibine diohloride (Morgan and Micklethwait, T., 1911, 
99, 2296). 

IV. Diphenylarsemous Cywnide. 

(1) From Diphenylarsen^s Oa;ide.—Diphenylarsenious oxide 
immersed in pure anhydrous hydrogen cyanide and left in contact 
with exoees of this reagent for twenty-four hours yielded a yellow 
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oil whiolh, on seeding with crystals of diphenylarsenious cyanide, 
solidified to a crystalline solid melting at 28—30® (Stumiolo and 
Bellinzoni, Boll. chim. fcunn.^ 1919, 68, 409, give m. p. 35®); this 
product contained 84 per cent, of diphenylarsenious cyanide and 
12 per cent, of diphenylarsenious oxide. A similar experiment 
carried out with 90 per cent, hydrogen cyanide gave a product 
melting at 29—30®, and containing 87*5 per cent, of diphenyl- 
arsenious cyanide. 

It was next found that it was quite unnecessary to work with 
anhydrous hydrogen cyanide in order to obtain diphenylarsenious 
cyanide. The following three methods, ‘ which are based on the 
use of cyanides of the heavy metals, rendered it possible to 
dispense entirely with concentrated aqueous solutions of hydrogen 
cyanide or its alkali salts. 

(2) From Diphenylcctcodyl. —^Diphenylarsenious chloride (63 
grams) was stirred at 100® with 30 c.o. of commercial hypophos- 
phorous acid (30 per cent.). Diphenylcacodyl (tetraphenyldi- 
arsine) separated in a yield of 83 per cent. This product was 
heated at 250® with mercuric cyanide in the rotating autoclave in 
the proportions demanded by the following equation: 

PhgAs-AsPhg 4- Hg(CN)2 = 2Ph2AB-CN -f Hg, 

The organic product was extracted with benzene, and the yield of 
diphenylarsenious cyanide was 94 per cent, of the calculated 
amount. 

A similar experiment was carried out with silver cyanide, 
according to the equation 

Ph^As-AsPhg + 2 AgCN=2Ph2As-CN + 2Ag. 

The result obtained was not so satisfactory. 

(3) From Diphenylctrsenious SvZphide. —^Diphenylarsenious 
chloride was dissolved in benzene and shaken for fifteen minutes 
with a saturated aqueous solution of sodium sulphide (1^ mols.). 
The benzene solution, washed with water, dried with anhydrous 
calcium chloride, and concentrated, yielded a mass of colourless 
needles of diphenylarsenious sulphide; yield, 93 per cent. After 
one recrystallisation, the substance melM at 64®. 

The foregoing sulphide was mixed with mercuric cyanide in the 
following proportions and heated for two hours at 160—200®: 

PhgAs-S-AsPhg+Hg(CN)2=2Ph2As-CN + HgS. 

The organic product was separated from • mercuric sulphide with 
dry benzene, the yield of diphenylarsenious cyanide being 71 per 
cent. 
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Exp6(rimeiits were also carried out, using silver cyanide, according 
to the equation 

PhgAs’S* AsPhg + 2AgCN = 2Ph2As*CN + AggS. 

The temperature was kept at 160° and the product extra;cted with 
dry benzene as before, the yield of diphenylarsenious cyanide 
being 69 per cent. 

(4) From Dipheriyla/rseriious Chloride. —After preliminary ex¬ 
periments, the following method was adopted in the preparation of 
7^ kilos, of dry, alkali-free diphenylarsenious cyanide. Silver 
cyanide was prepared quantitatively from silver nitrate by pre¬ 
cipitation with a dilute aqueous solution of hydrogen cyanide and 
dried at 120°. 

Diphenylarsenious chloride was heated with a 10 per cent, excess 
of dry silver cyanide in the glass-lined rotating autoclave for three 
hours at 150—160°. The contents of the autoclave were allowed 
to cool to 40°, and filtered through a heated filtering apparatus. 
When the liquid had been thoroughly drained from the silver 
chloride, the latter was extracted with warm, dry benzene, and the 
clear solution distilled. The total yield of diphenylarsenious 
cyanide was about 92 per cent, of the calculated amount. The 
product, without further purification, melted at 28°, and con¬ 
tained 90 per cent, of the cyanide, the remaining 10 per cent, 
consisting of diphenylarsenious oxide and chloride. 

In this operation, 5 kilos, of silver cyanide were employed, and, 
after washing with hot benzene until free from organic arsenicals, 
the residual silver chloride was reduced to silver by fusion with 
sodium- carbonate. Even with an improvised smelting apparatus, 
the total loss of this metal was less than 2 per cent. » 

This paper is published with the consent of the Chemical War¬ 
fare Section of the War Office, to whom the authors tender their 
thanks for facilities accorded in the carrying out of this 
investigation. 

Cmr AND Guilds Tbohnioal College, 

Finsbuby, London, E.C.2. 


[Received, May \6th, 1920.] 
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LXXXV.— ortho-Chlorodinitrotoluenes. Part I. 

By Gilbert T. Morgan and Harry Dugald Keith Drew. 

The direct nitration of o-chlorotoluene as carried out by Nietzki 
and Behe {Ber,, 1892, 26, 3005) resulted in tke isolation of one 
dinitro-compound, 2-obloro-3:5-dinitrotoluene. Further nitration 
of the 3- and S-nitro-derivatives of o-chlorotoluene by Borsohe and 
Fiedler led to the same dinitro-compound, these investigators 
indicating a melting point of 63—64®, whereas the earlier workers 
gave it aw 45® (compare Rabaut, Bvll. Soc. chim.^ 1895, [iii], 13, 
634, and Komer and Contardi, Atti R. Accad, Lmceij 1915, [v], 
24, i, 888). 

Another dinitro-compound (m. p. 106—107®) was obtained by 
Jansen (D.R.-P. 107505) on nitrating 2-chloro-6-nitrotoluene 

(compaire Cohn, Monatsh., 1901, 22, 475). 

In the research described below, the nitration of o-chlorotoluene 
to dinitro-derivatives has been investigated more completely, and 
two new isomerides are described and identified as the 4:5- and 
4:6-dinitro-oompounds. 

Nitration of o-Chlorotohiene, 

Eighty grains of o-chlorotoluene (I) were added during two 
hours to 400 c.c. of concentrated sulphuric aoid and 160 o.o. of 
nitric ausid (D 1*42) at 8—10®, the mixture being afterwards heated 
for four hours on the water-bath. The yellow, supernatant 6il 
from three batches weighed 340 grams, and the spent acids, poured 
on to ice, gave am auiditional 36 grams (total yield, 91*5 per cent, 
of the theoretical). 

The oily product partly solidified on cooling, and the solid 
portion, when crystallised from alcohol, yielded pure 2-chloro-3:5- 
dinitrotoluene (V); the alcoholic filtrate gave mixed crystals of 
this compound (m. p. 64®) and of the 5:6-isomeride (m. p 
101—106®). As a satisfactory separation of these two products 
could not be effected by alcohol, petroleum, benzene, or acetic acid, 
recourse waw haul to crystadlisation from concentrated sulphuric 
acid, a method formerly employed by Crossley and Renouf in 
separating the dinitro-o-xylenes (T., 1909, 95, 202). The oily 
mixture (340 grams) was dissolved in 800 c.c. of concentrated 
sulphuric acid on the water-bath, and this solution yielded, on cool¬ 
ing, 43 grams of crystalline material, which, on fractional crystal¬ 
lisation from alcohol, gave 30 grams of the 5:6-dinitro-compound, 
3 grams of the more soluble 4:5-isomeride (m. p. 87—88®), and 
10 grams of an intimate mixture (m. p. 63—65®) of thsee two 
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isomerio compounds. Tke mixture oontaine the 4:5- and 
5: G-isomeridee in the proportions, respectively, of 2:1, and ae this 
ratio represents their relative solubilities in alcohol, they are not 
readily separated from the mixture by the use of this solvent. 

The concentrated acid filtrate, when treated with ice, gave 
100 grams of crystals and 152 grams of oil. The solid part, when 
crystallised successively from concentrated sulphuric acid and 
alcohol, furnished a mixture of the 3:5- and 4:5-isomerides, the 
former predominating. The oily portion on similar treatment was 
fractionated chiefly into the same pair of isomerides and a small 
amount of the intimate mixture of the 4:5- and 5:6-isomerides. 

The process of crystallisation from concentrated sulphuric acid 
was repeated many times on the more fusible fractions melting 
below 50®. The two o-dinitro-compounds, the 4:5- and 5:6- 
isomelides, are less soluble in cold concentrated sulphuric acid than 
the m-dinitro-compounds, the 3:5- and 4:6-isomerides. Hence 
the former pair gradually accumulated in the crystalline fractions, 
whilst the latter became concentrated in the acid filtrate. 

As the result of a lengthy, systematic fractionation, 340 grams 
of crude nitration product yielded 125 grams of the 3:5-dinitro¬ 
compound, 30 grams of the 5:6-isomeride, 15 grams of the 
4:5-oompound, and 63 grams the intimate mixture (m. p. 
03—65®) of the last two substances. The oily material obtained 
from the final filtrates, which consisted largely of impure 3:5-com- 
pound, gave the reactions of the 4:6-isomeride (m. p. 49®). 

The 4:5- and 4: G-dinitro-compounds have been obtained more 
readily by the nitration of 2-chlorO'4-nitrotoluene (p. 786), and 
further nitration of 2-chloro-6-nitrotoluene has given as the main 
product the 5 :6-dinitro-compound (p. 787). 

The solubilities in concentrated sulphuric acid or in methyl or 
ethyl alcohol of the three isomerides containing the nitro-groups in 
positions 3:5-, 4 :5-, and 5 :6- are respectively in the ratio 4:2:1. 

The diagram below illustrates the derivation of the four 
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2 -ohlorodinifcrotoluenes either directly from o-chlorotoluene or 
indirectly from 4- and 6-nitro>2-chlorotoliienee. 


N itration of 2-C hloro-4fnitrotolu€fit, 

2-Ghlor(>A\b-di/mtratolv^ene (VI).—2-Chloro4>nitrotolue(ne (III) 
(51 grams) was added slowly to 250 c.c. of concentrated sulphuric 
acrid and 60 c.c. of nitric acid (D 1*42), the temperature being 
maintained at 40—45° for one hour. The mixture was then heated 
to 90° until the characteristic odour of the mononitro-compound 
had disappeared. When crystallised from alcohol, the nitration 
prcxluct yielded 49 grams of pure 2-chloro4: 6 -dinitrotoluene mat¬ 
ing at 88*5°, the yield being upwards of 85 per cent. (Found i 
Cl = 16-58;TSr = 1315. C 7 H 5 O 4 N 2 CI requires Cl = 16*37; N== 12*93 
per cent.). 

2-Chloro-4:5-dinitrotoluene separated from cold alcohol in 
lustrous, colourless, hexagonal leaflets, or in tough, prismatic 
needles at higher temperatures. 

2’Ghloro-A : ^-dirntratoluene (VII).—The oily residue from the 
foregoing 4: 5 -dinitr(M 5 ompound was subjected to fractional crystal¬ 
lisation from concentrated sidphuric acid in order to separate the 
other isomeride. The crystallising fraction consisted of nearly 
pure 4 .* 5-dinitro-oompound, whilst the add filtrate yielded on dilu¬ 
tion with water crystals of 2-chloro-4:: Minitratoluene (m. p. 49°) 
and an oily mixture of the two isomerides. Repeated fraction¬ 
ation of this oil in concentrated sulphuric acid led to the gradual 
separation of the two constituents. The total yield of the 4: 6 -com¬ 
pound was about 12 per cent., of which half was isolated in a state^ 
of purity (Found: Cl = 16*39; N = 13'09. C 7 H 5 O 4 N 2 CI requires 
Cl = 16-37; N:= 12-93 per cent.). 

2-Chloro-4: 6 -dinitrotoluene is very soluble in alcohol, and 
crystallises in colourless, rectangular prisms or in prismatic needles, 
like isomerides, it is odourless. It does not react with aniline 
in boiling benzene, but with liquid or alcoholic ammonia it gives 
rise to ill-deflned, shellac-like products. 

With zinc dust, ammonium chloride, and dilute alcohol, or with 
alcoholic stannous chloride and hydrochloric acid, the 4 : 6 -dinitro- 
oompound underwent reduction to ^chlor(h2:4:-t(dyl€mdumme 
♦ (IX), crystallising from benzene or from alcohol and water in 
needles melting at 69*5°. With diazonium salts, this base gave 
the reactions of a metardiamine; its constitution was determined 
by converting it, through the Sandmeyer reaction, into 2:4;6*tri- 
chlorotoluene (X), melting at 33—34° (Cohen and Dakin, T., 1902, 
81,1335). 
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N it r ati o^n of ^-Ghloro-^'nitrotoluerie. 


2-XJhloro-b :Q-dvn^trot(dueM (IV).—A specimen of G-nitro-o- 
toluidine, available through the kindness of Prof. Green, was con¬ 
verted by the Sandmeyer reaction into 2-chloro-6-nitrotoluene (II) 
(m. p. 36—37°), and the latter compound nitrated at 20° with 
16 parts of concentrated sulphuric add and 2 parts of nitric add 
(D 1*42), the reaction being completed at 80°. The yield of 
5: 6 -dinitro-compound was upwards of 85 per cent., and there was 
a small amount of oily by-product. 2-Chloro-5: 6 -dinitrotoluene 
melting at 106*5° separated from methyl or ethyl alcohol in colour¬ 
less needles or prisms; its constitution was confirmed by the 
following processes. 

Action of Ammonia on ^-^hloro-b :^-dmitrotolivene. —^When 
treated either with liquefied ammonia or with saturated alcoholic 
ammonia, 2-chloro-5: 6 -dinitrotoluene was converted quantitatively 
into 6-chloro-3-nitro-o-toluidine, the inorganic product being 
ammonium nitrite entirely free from ammonium chloride. On 
crystallising from alcohol, the nitroamine separated in pale amber, 
highly refraptive prisms with pyramidal ends; it melted at 151*5° 
and had a faint vanilla odour (Found: 01 = 19*18; N = 15*18. 
C 7 H 7 O 2 N 2 CI requires 01 = 19*01; N = 15*02 per cent.). 

^-Chloro-Z’fdtro-o-toluidine (XII), which was only very sparingly 
soluble in water, dissolved more readily in warm, moderately con¬ 
centrated add, ether, or the alcohols. It was not benzoylated 
under Sohotten-Baumann conditions. 

^•Chloro-1-nitromdazolc (XVII).—A solution of the diazonium 
sidphate of the foregoing nitroamine ( 1*6 grams) was boiled with 
alcohol, and the product distilled in a current of steam, when the 
distillate contained 2-chloro-5-nitrotoluene (0*8 gram), and the 
residue yielded a voluminous mass of felted, yellow needles ( 0*6 
gram), very sparingly soluble in hot water, crystallising from warm 
alcohol, and dissolving in aqueous sodium hydroxide to a bright 
ydlow solution (Found: N = 21*49; 01 = 17*93. C 7 H 4 O 2 N 3 CI 

requires N==21*28; 01 = 17*95 per cent.). This indazole melted at 
,218°, and, on warming, had a marked odour resembling that of 
iodoform. 

The foregOixig 2 -chloro- 6 -nitrotoluene (XIII) was characterised 

F F* 2 
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by oonvemon into 6-chlaro-mr-toluidine (XIV) and ite benzoyl 
derivative, these oompounds melting respectively at 84® and 
119—120® (Wibaut, Rec, iraw. chim.^ 1913, 82, 244). 

These results show that it is the 6-nitro-group which is displaced 
quantitatively by the amino-radiole. This displacement was un¬ 
expected, inasmuch as it was to be anticipated that the 6-nitro- 
group would be the most mobile of the three acidic substituents, 
owing to its position in regard to the chlorine atom and the other 
nitro-group. A similar case, in which, however, this anomalous 
displacement is not quantitative, has recently been described by 
Komer and Contardi (Atti R, Accad. Linctiy 1916, [v], 25, ii, 339), 
who showed that 2:3:6-trinitrotoluene gave with alcoholic 
ammonia a mixture of 2:6-dinitro-wi<-toluidine and 3:6-dinitro-o- 
toluidine, the production of the latter base being another instance 
of the displacement of a nitro-group when contiguous to a methyl 
radicle (compare Kenner, T., 1914, lOB, 2717). 

The orientation of the amino-group in 6-ohloro-3-nitro-o-toluidine 
is demonstrated by the reactions summarised in the following 
diagram: 


Me Me Me Me 



(XVIIL) 


^-Chloro’2 : Z’^toLyl^MdAcmirie (XV), produced by reducing 
6-chloro-3-nitro-o-toluidine with zinc dust and ammonium chloride 
in dilute alcphol, was obtained in the form of its hydrochloride 
(nacreous leaflets decomposing at 263®). The free base crystals 
Used from benzene and light petroleum in oolourleea needles melt¬ 
ing at 46—47®, and giving an acetyl derivative melting at 
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201—203®. The dicMioimme (XVI), precipitated by adding sodium 
nitrite to the dihydroohloride in dilute acsetio add, crystallised from 
hot chloroform or benzene in creamy-white, flocoulent masses of 
minute platea melting at 232® (Found: N = 25*62; Cl = 21*30. 
CyHgNgCl requires N = 25*08; CI=21*16 per cent.). 

^'GhloroA-methylhefaia'phencmihrazvrie (XVIII), prepared by 
heating 6 -chloro- 2 :3-tolylen6diamine and phenanthraquinone in 
gladal acetic acid, crystallised from benzene in woolly masses of 
yellowish-white needles melting at 244° (Found: 01 = 10*75. 
C 21 H 13 N 2 CI requires 01 = 10*79 per cent.). 


Action of Ammonia on 2-Chlorch4::b-dinitrotolucnc. 

With liquid ammonia, the 4:5-dinitro-compound underwent far- 
reaching changes; ammonium nitrite and chloride were both pro¬ 
duced, and the organic product was tarry and uncrystalliaable. 
A simpler reaction occurred with saturated alcoholic ammonia, 
when 9 grams of the dinitro-oompound yielded 8 grams of ^-chloro- 
i:-nitro-m-toluidine (XX), a base crystallising from methyl alcohol 
in stout, brittle, orange-red prisms with pyramidal ends, or in 
orange-red, silky needles: both forms melted at 144°.* This 
amine is slightly volatile in steam, even in the presence of mineral 
add; it has a faint odour of vanilla, and is readily soluble in 
organic solvents, although sparingly so in water (Found: 
01=19*18; N = 15*23. C 7 H 7 O 2 N 2 CI requires 01 = 19*01; N = 15*02 
per cent.). 

The processes summarised in the diagram on p. 790 were carried 
out in order to determine the constitution of 2-chloro-4:5-dinitro- 
toluene and 6-ohloro-4"nitro-m-toluidine. 

(1) On boiling an alcoholic solution of 2-chloro4-nitrotoluene- 
5-diazonium sulphate, 2-chloro-4-nitrotoluene (XXIII) (m. p. 65®) 
was obtained, volatile in steam and developing an intense red 
coloration with hot alcoholic sodium hydroxide. 

(2) The diazonium chloride when treated by the Sandmeyer 
reaction yielded 2 :5-dichloro-4-nitrotoluene (XXIV) (m. p. 
47 —50°), and this product on reduction gave 2 :5-dichloro-p- 
toluidine (XXV), melting at 91—92° (Cohen, T., 1901, 79, 1130; 
1902, 81, 1347). A repetition of the Sandmeyer reaction on this 
base furnished 2 : 4 : 5 -trichlorotoluen 0 (XXVI), melting at 82°. 

• A nitroairdne stated to have the saxne orientatioD as the foregoing prepara, 
tion, which has been described as separating in yellowish-brown prisms melting 
at 158—159®, was prepared by nitrating 6-ohloroaoeto-m-toluidide and by 
subsequent hydrolysis. A by-product obtained simultaneously was described 
as 6-chloro-2-nitro-ia*toluidine |[(Badi8che Anilin- 5c Soda-Fabrik, 

296772). 
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(3) A similar diazo-salution, treated witli excess of aqueous 
sodium carbonate and then added to an alkaline solution of 
resorcinol, gave a bright red azo^resorcinol, dyeing wood in orange- 
red shades not affected by after-chroming, which had evidently not 
lost the nitro-group. 

6’Chloro-3 ‘A-tolylenediamm& (XXI).—The hydrochloride of this 
diamine was produced quantitatively by reducing 6-chloro4-nitro- 
w-toluidine with zinc dust, ammonium chloride, and dilute alcohol, 
or with alcoholic stannous chloride. The free base crystallised in 
lustrous, pale brownish-yellow leaflets melting at 143^ (Found: 
Cl = 22*35; N = 17*90. CyH^NgCl requires 01 = 22-64; lSr=17-89 per 
cent.). 

The diazoimme (XXII), insoluble in water, crystallised from 
chloroform in pale flesh-coloured, woolly masses of minute needles 
melting at 192^ (Found: 01 = 21*37; N = 25*33. 07HgN801 requires 
01 = 21-16; N,=25-08 per cent.). 

3’0hlorch2-methylbenzophenanthrazmef gH^MeOl, 

obtained by heating its generators in glacial acetic add, separated 
from benzene in golden-yellow needles melting at 264—265^. Like 
its isomeride (p. 789), it developed an intense cerise coloration with 
concentrated sulphuric add (Found: 01 = 10*86. 02iHi8N201 

requires 01 = 10*79 per cent.). 


The Action of Arnmoma on 2’^hlorO'Zib’dvnitrotoluene, 

Dry ammonia gas passed to saturation into an alcoholic solution 
of 2-chloro-3:5-dinitrotoluene developed transient blue colorations, 
and then deposited 3:5-dinitro-o-toluidine (m. p. 213^^), the yield 
being upwards of 95 per cent. Favourable results were obtained 
with methyhalooholac ammonia oi: with liquid ammonia. A similar 
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colour change was due to the formation of an additive compound 
with ammonia, since, on evaporating the violet solution in liquid 
ammonia, the residue consisted of unchanged 3 :5-dinitro^compound, 
and was quite free from ammonium chloride or nitrite. 

Azo-dy*i% froTTi ^:b-Dinitro^(ytoluidine. 

3:5-Dinitro-o»toluidine* was diazotised either in concentrated 
stilphurio add with solid sodium nitrite or by Witt's method, by 
adding a mixture in molecular proportions of the base and 
potassium metabisulphite to fuming nitric acid at — 5 ^ to 0^. The 
diluted diazo-solutions were neutralised by pouring into 3 per cent, 
aqueous sodium carbonate at 0°. A yellow, amorphous substance 
was deposited, the yield being about 30 per cent, of the base taken. 
The bright yellow filtrate, which contained a very stable diazo- 
compound, was added to an alkaline solution of resorcinol; the 
liquid was then heated on the water-bath, and sodium onloride was 
added to precipitate the alkali salt of the azo-dye. The free 
hydroxyazo-derivative (XXVII) separated from ether in lustrous, 

_OH OH _NOj OH 

^n:n<^ \oh ^ 

Me Me / \ 

\ _ / 

(XXVII) (XXVIII.) 

crimson crystals decomposing at 256—257° (Found: N = 1410. 
Ci 3 HijOqN 3 requires N = 14*53 per cent.). 

The tricMietyl derivative of this hydroxyazo-dye, obtained by 
adding a trace of concentrated sulphuric acid to a suspension of 
the dye in acetic anhydride, crystallised from dilute acetic acid or 
alcohol in pale red needles melting at 147—148° (Found: N = 10*38. 
CjgHiyOgNs requires N = 10*12 per cent.). 

Further confirmation of the formula (XXVII) ascribed to the 
azo-resordnol derivative was obtained by the fact that it dyed wool 
from an acid bath in orange-red shades, which were changed to 
dark purple tints by conversion into the chrome lake of the dye 
either by after-chroming or by the metachrome process. 

Z:b-Dimtrat6lume‘2’azo-P-^phthal (XXVIII), produced by 
adding the dilute acid solution of 3 :5-dinitrotoluene-2-diazonium 
sulphate to alkaline iS-naphthol, crystallised from glacial acetic 
acid in lustrous, dark crimson needles melting at 226° (Found: 
N=16*63. C 17 H 12 O 6 N 4 requires N = 15*90 per cent.). 

♦ * rhl« dinitro-base and the amines XH and XX (pp« 787 and 789) gave 
the GhMCft •Md Rowe test for 0 - and p-nitroamines (T., 1913» 108» 508). 
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MOEGAK AND DREW: 


Colour Reactions of the 2-Ghlorodinitrotoluenes, 

The following colour changes were found useful in identifying 
the four isomeric 2-ohlorodinitrotoluene6: 


1 . 


2 . 


3 . 


4 . 


leomeride. 


Anhydrous 
liquid ammonia 
(the gas lique¬ 
fied on to* the 
solid). 


Alooholio ^ 

ammonia (gas 
passed into al¬ 
ooholio solu- Alooholio sodium 
tion). hydroxide. 


3:6- 

(m. p. 64-6°). 


Intense violet to 
bluish-violet 
(red by trans¬ 
mitted light), 
ohanging to 
greenish-blaok. 


Greenish to 
azure - blue, 
ohanging to 
red (tr.). 


Pale yellow (tr.) 
to greenish-blue, 
to intense rose- 
red. On heating 
to bright orange- 
red (tr.). 


6:6- Yellow (tr.) to Yellow (tr.). Faint yellow (tr.). 

(m. p. 106-6®). orange-red (tr.) On heating to 

orange, to deep 
orange-red, fad¬ 
ing to brownish- 
yellow (tr.), 
finally light 
orange (tr.). 


4:5- 

(m. p. 88*6®). 


Orange-red (tr.) Orange-red (tr.). Pale yellow (tr.) 
to bluish- and to intense emer- 

brownish-black. aid-green, to 

blue, bluish- 
black to brown- 
ish-red. On 
heating to pale 
orange-red (tr.). 


4:6- 

(m. p. 49®). 


Intense violet 
to blmsh-violet, 
to magenta and 
finally deep 
crimson. 


Bright red (tr.) 
to bluish-green, 
to intense azure- 
blue (red by 
transmi 11 e d 
light), to deep 
cnmson. 


Intense blue to 

g reenish-blue, to 
rowni8h-[black, 
On heating to 
reddish-black, 
and finally to 
deep orange-red 
(tr.). 


In all oases, the colorations were opaque unless marked *'tr.’' = 
transparent. Intense violet and blue colorations with anhydrous 
and alcoholic ammonia were obtained with both meta-dinitro- 
compounds^ whereas the two ortho-dinitro-isomerides gave orange- 
red tints. 


Summcsry, 

(I) The nitration of o-chlorotoluene in mixed nitrio-eulphurio 
acid leads to a mixture of isomeric dinitro-oompounds (90 per 
cent, of the calculated aihoutit). The loss is occasioned by oxida- 
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tiom and anlphonation. The nitration mixture contains four 
isomerides in approximately the following percentage amounts: 


Per cent. 


3: 5-Dinitro-2-ohlorotoluene 

. 66—60 

5:6- 

. 18—20 

4:6- 

. 18—20 

4:6- „ 

. 1—2 


(2) The existence of the four isomeric dinitro-2-chlorotoluenes 
in the nitration mixture shows that the orientation due to methyl 
is not entirely overpowered by that of the more actively directive 
chlorine substituent. The influence of the methyl group is more 
powerful in the first stage of nitration, when it accounts for 38 per 
cent, of the mono-nitrated products (Wibaut, loc. cit.)^ whereas in 
the second stage of the process its effect accounts for less than 
10 per cent, of the final product. 

(3) Nitration of 2-chloro-6-nitrotoluene leads to the formation 
of 2-chlorO'-5:6-dinitrotoluene as main product, the yield of this 
isomeride being about 90 per cent. 

(4) Nitration of 2-chloro-4-nitrotoluene gives 2-chloro-4:5- 
dinitrotoluene as main product (upwards of 85 per cent.) and 
2-ohloro-4: 6>dinitrotoluene as by-product (yield about 12 per cent.). 

(5) These dinitro-2-chlorotoluenes contain labile acid radicles 
displaceable by amino-groups. In this reaction, addition of 
ammonia to the aromatic compound precedes substitution, the first 
phase in the reaction being accompanied by the development of 
intense colorations. 

The authors desire to express their thanks to the Advisory 
Council for Scientific and Industrial Research for grants which 
have partly defrayed the expenses of this investigation. 

The Chemical Department, 

The University of Birminoham, 

Edqbaston. [Received, April 24 : th ^ 1920.] 
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LXXXVI —The Oxidation of the Ingredients of Banded 
Bituminous Coal. Studies in the Composition of 
Coal. 

By Fbeberick Vincent Tidbswbll and Richard Vernon 

Wheeler. 

It has been ahown that the four macroeoopioally distinct portions, 
vitrain, darain, durain, and fusain, into which banded bituminous 
coal can be separated differ in essential microecopicAl structure 
(Stopes, Proc, Roy, Soc,, 1919, [J5], 90, 470), in their behaviour 
towards reagents and on destructive distillation (Tideswell and 
Wheeler, T., 1919, 116, 619), in their behaviour on coking, and in 
the composition of their mineral oonstituente (Leesing, this vol., 
pp. 247, 266). The differences in chemical constitution between 
the ingredients disclosed by a decrease in their reactivity towards 
solvents, reagents, and heatrtreatment (in the order vitrain, 
darain, durain), seem to be due to a variation in the proportions 
in which the constituents of the coal conglomerate are present in 
each ingredient of the banded coal rather than to the presence in 
any one of them of fundamentally distinct types of compounds. 
Fusain, which is much less reactive in most respects than the 
remainder of the coal substance, requires separate consideration. 

In view of their known differences, the separate ingredients of 
banded coal are more suitable materials for the study of the oxidar 
tion of "'coal'' in relation to its spontaneous combustion than are 
bulk samples. For it is dear that lumps of banded coal, although 
obtained by careful quartering of the bulk samples, may differ 
markedly one from another, in chemical composition and general 
properties, dependent on the distribution of the different bands in 
them. 

Samples of the four ingredients from the Hamstead Thick Coal 
have been subjected to the action of air or oxygen at different 
temperatures to determine their rates of oxidation and relative 
ignition-temperatures. The experiments were designed to yield, in 
addition to information as to the comparative l^aviour of the 
four ingredients of banded coal, data which would be of service 
to the general research on the mechanism of the reaction between 
oxygen and the coal conglomerate on which we are engaged* 
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Relative Igniticm-tem'peratureB, 

The method of experiment has been described in T., 1918, 113, 
949, which should be consulted. InsufEcient fusain was available 
for the determination: the other ingredients did not show any 
marked differences in their relative ignition-temperatures as judged 
by the points of intersection of the time-temperature curves. The 
tests were carried out under identical conditions as regards rate 
of heating, speed of passage of air-current, etc., and the “ignition- 
temperatures'* recorded ranged from 170® to 175® for each 
ingredient. 

It was dear, however, from the difference in slope of the heating- 
curves for the coals compared with that for the sand-bath, that the 
wide differences in the amounts of moisture contained in the three 
ingredients affected in a different degree in each instance the rate 
of rise of temperature of the coal due to oxidation. The moisture- 
content chiefly determines the lag at low temperatures (up to 80®) 
between the temperature of the coal and that of the sand-bath, 
and this lag affects the point of intersection of the two curves. 
Consideration of the rates of heating of the coals at temperatures 
above 80® (at which temperature nearly all moisture had been 
driven off) indicated that vitrain and clarain were almost equally 
liable to self-heat, whilst durain appeared appreciably leas liable. 


Rate af Absorption of Oxygen, 

The apparatus employed, constructed wholly of glass without 
rubber connexions, enabled a continuous stream of air or oxygen 
to be circulated through the sample of coal to be tested, which was 
contained in a horizontal reaction-tube, 1*5 cm. in diameter, main¬ 
tained at the experimental temperature by means of an electrically 
heated air-oven. Suitable stop-cocks in the circuit enabled the 
reaction-tube to be by-passed, or to be exhausted separately from 
the rest of the apparatus. A by-passed calcium chloride tube, for 
drying the gases, was included in the circuit. 

Twenty grams of the coal, undried and broken into pieces 
capable of passing through a 10 x 10 and remaining on a 60 x 60 
mesh sieve, were packed tightly in the reaction-tube and held in 
position by plugs of glass-wool. The coal was then exhausted 
during forty-eight hours at the ordinary temperature, and Anally 
at 200®, the gases removed (original occluded gases) being collected 
and analysed. In the meantime, the remainder of the apparatus 
(the volume of which could be adjusted to be 1100, 2100, or 



796 TI0B8WBLL AWD WHEELER: THE OXIDATION OF THE 

3100 o.c. as required) had been filled with oxygen at rather more 
than atmospheric pressure, and oircuUtion b^un, through the 
by-pass of the reaction-tube, by means of an automatio mercury 
pump. 

The coal having been brought to the experimental temperature, 
the reaotion-Tube wa^ included in the circuit, which formed a closed 
system, and readings of the gas pressure were at once taken. 
Thereafter, readings of the temperature, gas pressure, and baro¬ 
meter were taken at frequent intervals during 120 hours, the rate 
of circulation of- the oxygen through the coal being maintained at 
1 litre per hour. 

At the end of the ciroulation period of each experiment (which 
yielded time-pressure curves, from which the rate of absorption of 
oxygen by the coal could be calculated), the coal was rapidly cooled 
to the ordinary temperature, and the gases remaining in the 
reaction tube were removed by exhaustion during several hours 
and transferred to the main part of the apparatus. The tempera¬ 
ture of the coal was then raised to 200^^, and the gases obtained by 
exhaustion during twenty-four hours were collected separately and 
analysed. A sample of the oxygen (containing carbon dioxide and 
carbon monoxide) in the main part of the apparatus was also 
taken. After allowing the reaction-tube to cool to the tempera¬ 
ture required for the next experiment, fresh oxygen was introduced 
into the apparatus, and the cycle of operations repeated. In the 
series of oxidations of vitrain, darain, and durain, the tempera¬ 
tures were 15®, 50®, 100®, 50®, and 50®; with fusain the Order was 
50®, 50®, 15®, 100®, and 50®. 

In Figs. 1, 2, and 3, curves are given showing the relation 
between time and the volume of oxygen absorbed by each of the 
ingredients of the banded Hamstead coal at 15®, 50®, and 100®. 
The series of oxidations at the three temperatures were made with 
each ingredient on the same sample, which was not removed from 
the absorption apparatus until the series relating to it was com¬ 
pleted. Before each oxidation at a given temperature, the coal, in 
position in the absorption apparatus, was exhausted at 200®, as 
already described, until gases oesised to be evolved. 

It has been shown (T., 1918, 113, 949; 1919, 116, 895) that, in 
a manner analogous to the burning of carbon, the immediate result 
of the absorption of oxygen by coal may be considered to be the 
formation of a coal-oxygen complex. This complex on being raised 
slightly in temperature decomposes, evolving carbon dioxide, carbcm 
monoxide, and water, and leaving a residue but little altered in 
character from the original coal. 

Preliminary experimenta shown that it was possible to heat 
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the Hamstead coal “ aaturafced with oxygen to a temperature as 
high as 200°, and to exhaust it at that temperature, without 



& 


c5 


Fia. ll 



materially altering the composition of the coal substance or pro¬ 
ducing any effects other than to decompose the coal-oxygen complex 


Fig. 2. 



and to remove amall quantities of gaseous paraffin hydrocarbons 
(the higher members of the series). The proportion of the complex 
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that decoimpoeeB into the simple asides inoreases rapidly mth 
increased temperature; hence the neoeesity for exhausting the 

saturated'' coal at as high a temperature as possible. By such 
exhaustion^ the coal recovers to a great extent its capacity for 
absorbing oxygen—that is to say, its capacity for oomplex^form- 
ation—^the recovery amounting to about 96 per cent, of the 
original capacity after exhaustion at 200°. It may be noted that 
the Hamstead coal is particularly adapted to experiments of this 
nature by reason of the small quantities of occluded para&is that 
it contains. 

A study of the absorption curves discloses differences between 
the three ingredients, vitrain, clarain, and durain, of the same order 


Fig. 3. 



as might be anticipated from their differences in composition. All 
three absorb oxygen to a marked degree, but there is a decrease 
in absorptive power in the order vitrain, darain, durain which is 
particalarly marked at low temperatures (15°). At higher 
temperatures (50°), the difference between vitrain and clarain 
decreases, and at 100° the absorptive power of each is nearly 
the ssmie. It is possible that at still higher temperatures darain 
would take the lead. Durain, throughout the series of experimente, 
displayed less absorptive power than either vitrain or darain, the 
absorption of oxygen by durain being 10 per cent, less than by 
vitrain at 15° and 30 per cent, less at 100°. 

The temperaturecoeffidents of the reactions (JTjo)} calculated 
from the total absorptions during 120 hours, are: 
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l^eaiperatiiie range: .VittMn. Clarain. Durain. Fuaun. 

15—65° . 1-301 1-298 1-217 1-638 

60—100° 1-407 1-414 1-387 1-013 

Meftn value over : 

IS—lOO*". 1-362 1-365 1-313 1*203 


Ftisain stands apart from the rest of the coal, as in its chemical 
properties generally, in its high absorptive power at low tempera- 
tures, and its low temperature-coefficient. At 100°, fusain absorbs 
oxygen scarcely more readily than does durain. 

The ease of oxidation of the four ingredients of Hamstead coal 
should be compared with their power of absorbing moisture and 
the halogens: 

Vitrain. Clarain. Durain. Fusain. 

Moisture-oontent, per cent. 12*40 11*95 7*00 4*30 

Absorption of ioffine, per cent. 

(а) Aqueous, in 24 hours .... 33*5 34*0 26*6 6*4 

(б) Wijs* solution, in 6 hours 86*5 84*0 68*4 12-8 

Absorption of oxygen, c.c. per 

gram. 

At 100® in 120 hours . 60*9 60-3 43*2 51*6 

Whilst the absorption of oxygen and the halogens by coal is 
certainly not entirely a physical phenomenon, the magnitude of 
the effect for a coal of given composition may well be proportional 
to the concentration of the oxygen or the halogens maintained 
within it by purely physical absorption. In this connexion, the 
observation by Winmill (Tra/ns. Inst, Min, Eng,, 1916, 61, 494) 
may be cited, that the rate of absorption of oxygen by coal varies 
approximately as the square root of the partial pressure of the 
oxygen. Such a relationship would be expected were the amount 
of oxygen entering into chemical combination in a given time with 
the coal substance dependent on the concentration of oxygen within 
the coal. 

Judged from this point of view, the difference in absorptive 
power evinced by the three ingredients, vitrain, clarain, and durain, 
would lie in their physical structure—in their power of physical 
absorption. This does not necessarily imply that the subsequent 
chemical action, or the products of such action, are identical in 
each instance, although there is undoubtedly a great similarity 
between them. 

The data obtained by the exhaustion of the oxidised coals at 200° 
throws some light on this matter. The main facts elicited from a 
study of the quantities and compositions of the gases thus obtained 
(see tables I and 11) are: 

(1) There is a rapid and continuous increase in the amount of 
gas evolved (that is to say, in the amount of decomposition of the 
ooal’**oxygen complex) as the temperature of exhaustion of the coal 
after oxidation is increased. 
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Table I. 

Games Evolved on Exhaustion. 


A. 


From durain» after 


B, 

From same sample of 
durain (after experi- 



oxidation at lOK)®. C.c. 

tion at 50®. 

C.c 

Temperature 

^ - 



- N 

during exhaustion. 

CO,. 

CO. 

CO,. 

CO. 

15—100® . 

. 2-7 

0-7 

31 

0*8 

100—150® . 

. 18-6 

5-2 

4-5 

1-6 

150—200 . 

. 63-8 

161 

15*6 

4-6 


Table II. 


Tempera- 



Series 

ture of 





Number, oxidation. 

Vitrain. 

Clarain. 

Durain. 

Fusain. 

Oxygen absorb¬ 
ed. C.c. per 
gram of ash¬ 
free dry coal. 

r I* 

II. 

III. 

IV. 

1 V. 

15® 

60 

100 

60 

60 

6*7 

13-4 

60-9 

9-2 

8*8 

5*2 

12-6 

60-3 

9-6 

8*3 

6-16 

9-9 

43-2 

7*0 

6*9 

12-63 

46-0 

61-6 

15*0 

100 


Original 

occluded 






Carbon dioxide 

gases. 


1*61 

1-30 

0-90 

1-06 

evolved on 

I. 

15 

0*69 

0-60 

0*49 

0-32 

exhaustion at 

II. 

60 

1-71 

1-38 

M3 

0-77 

200®. 

III. 

100 

6-85 

6-40 

4*79 

4-55 


IV. 

60 

3-28 

2-20 

1-91 

— 


V. 

50 

2-68 

1-60 

1*80 

1*29 


r Original 
occluded 






Carbon mon¬ 

gases. 


0-30 

0-26 

0*16 

0-26 

oxide evolved 

I. 

15 

016 

0-17 

0*13 

0-10 

on exhaustion 

i II- 

60 

0-48 

0-40 

0-30 

0-27 

at 200®. 

III. 

100 

1-06 

1-60 

1-19 

1-29 


IV. 

60 

0-72 

0-67 

0-51 

— 


. -V. 

50 

0*68 

0*47 

0-45 

0*38 


rOridnal 

occluded 






Ratio COj/CO 

gases. 


535 

508 

6-50 

4-10 

evolved on ex¬ 

I. 

15 

3-64 

3-60 

3-73 

3-10 

haustion at ' 

n. 

60 

3-54 

3-44 

8-74 

2-95 

200®. 

III. 

100 

4-57 

3-99 

4*00 

3-52 


IV. 

60 J 

4-54 

3-40 

3*73 



. V. 

60 

4-62 ] 

3-40 

4-06 

3*40 


(2) Tile amount of complex formed, as judged by the volumes of 
carbon dioxide and carbon monoxide subsequently evolved on 
exhaustion at 200®, increases rapidly with the t^perature of 
oxidation. 

(3) There is a variation in the amount of decomposition of the 
complex dependent on the previous treatment to which the coal 
has been subjected. This was most marked after the coal had been 
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oxidised at 100^ and exhausted at 200®. Before this treatment, 
oxidation at 60® (Series No. II) and exhaustion at 200® released 
as carbon dioxide and carbon monoxide 12 per cent, of the oxygen 
absorbed at 50®; subsequently (Series Nos. IV and V), 40 per cent, 
was so released. 

(4) There is a difference between the four ingredients as regards 
the ease of decomposition of the complex, the proportion of the 
absorbed oxygen released as carbon dioxide and carbon monoxide 
being considerably less with clarain than with vitrain or durain 
(except after oxidation at 15®). This suggests that the chemical 
reaction which follows the physical absorption of oxygen, and is 
responsible for its final disappearance, varies somewhat in degree, 
and perhaps also in nature, as between one ingredient of the 
banded coal and another. With fusain, the oxygen complex is 
either formed to a less extent than with the other parts of the coal, 
or, when formed, is more difficult to decompose. 

The general conclusions to be drawn from the experiments as 
regards the banded bituminous coal are: 

(1) Of the three main ingredients of the banded coal, the bright 
ones, vitrain and clarain, show greater liability to oxidise and to 
ignite than the dull durain. The difference between these 
ingredients is not, however, so great as to warrant any suggestion 
that the bright portions of Hamstead coal are primarily responsible 
for its liability to spontaneous combustion. 

(2) The influence of fusain is uncertain. Many practical miners 
consider that spontaneous combustion originates where ‘‘mother- 
of-coar' (fusain) abounds. The results of our experiments lead us 
to consider it improbable that fusain has a preponderating influence 
in determining the actual ignition of the coal after self-heating has 
begun; but it is conceivable that the rapid absorption of oxygen 
by fusain at low temperatures may be attended by a sufficient 
evolution of heat to raise appreciably the temperature of the main 
mass of the coal, thereby causing the most inflammable ingredient 
(vitrain) to react more readily with oxygen. 

To determine this matter with certainty, and it is clearly one 
which demands settlement, further experiments with a number of 
samples of fusain from different coals are required. We are 
addressing ourselves to this problem as being part of the general 
study of the oxidation of coal. 

Hoios Ovxioio Exfebimektal Station, 

Eskmbals. 


[deceived, May IStft, 1020.] 
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LXXXVII.— %-Hydroxy-2 : Z-quinoxanthone. 

By Habry Fitzgibbon Dean and Maximilian Nierenstein. 

When enxantinone (I) is oxidised witli chromic acid, a red product 
is formed, to which the formula 2-hydroxy-5:8-quinoxanthone 
(II) has been assigned (Nierenstein, J5er., 1913, 46, 649). On 
reduction, this substance 3 rields the corresponding pale yellow 
2 :5 :8-trihydroxyxanthone (III). Van Scherpenberg {Biss.y Delft, 
1918, 68; Ghtm. Weekhlady 1919, 16, 1146) has pointed out that 
since the quinoxanthone gives trinitroresorcinol on treatment with 
nitric acid, its probable constitution is 8-hydroxy-2:3-quino- 
xanthone (IV), the reduction product being the corresponding 
2:3: 8-trihydroxyxanthone (V). These contentions of van 
Scherpenberg are in the best agreement with the results given in 
the present communication. 


0 0 OH O 



OH CO CO 

(IV.) (V.) 


Experimental. 

The original method for the oxidation of euxanthone was found, 
as previously stated (^oc. ci^.), to give a product which crystallised 
only with difficulty. This may be overcome by using the follow¬ 
ing modification: To a well-cooled solution of 5 grams of 
euxanthone in 75 c.c. of glacial acetic add, 10 grams of chromic 
add dissolved in 150 c.c. of glacial acetic add, cdso well cooled, 
are slowly added during three hours. The mixture is kept on ice 
for twenty-four hours, water is then added, and the predpitate 
crystallised from gladal acetic add. This product givee all the 
colour reactions previously desoribed. The average yidd is 70 per 
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cent, of the theoretical (Found: C=64*6; H = 2 * 7 . Calc.: 
C = 64*6; H = 2*5 per cent.). Preparations which may be readily 
crystallised are also obtain^ when 2:3: 8 -trihydroxyxanthone (V) 
is oxidised with ^7-benzoquinone (A. G. Perkin, T., 1913, 103, 
667). A solution of 1 gram of the trihydroxyxanthone in 26 c.c. 
of absolute alcohol is treated in the cold with 0*5 gram of p-benzo- 
quinone, and the solid formed is crystallised from glaeial acetic 
acid. The average yield is 73 per cent, of the theoretical (Found: 
C = 64*3; H = 2 ' 6 . Calc.: C = 64*5; H = 2*5 per cent.). 

On heating molecular proportions of the quinoxanthone (pre¬ 
pared by the original or by either of the above-given methods) 
with 3:4-tolylenediamine in glacial acetic acid solution, the corre¬ 
sponding azine is easily obtained, which conclusively proves the 
ortho-quinonoidal structure of the compound. The azine crystal¬ 
lises from glacial acetic acid in deep red needles, which darken 
and subsequently char between 328° and 340° without melting 
(Found: N = 8'3, 8*7. C 2 oH 2403 N 2 requires N = 8*5 per cent.). 

2: ^-Methylenedioxy-^-methoxyxanthome. 

As in the case of woquercetone (Nierenstein, T., 1915, 107, 870), 
an excess of diazomethane converts the quinone into the above- 
mentioned derivative. The reaction is carried out in ethereal 
suspension, the theoretical yield being obtained. The substance 
crystallisee from alcohol in colourless needles, which melt and 
decompose at 211—212° (Found: 0 = 66*5; H = 3*8; OMe = ll*0. 
C 15 H 10 O 5 requires 0 = 66*7; H = 3*7; OMe=ll*5 per cent.). 

2: ^-Dihijdroxy-^methoxyxa/nthone. 

This substance is obtained on removing the methylene group by 
Fittig and Remsen's method {ArmaXen^ 1873, 168, 97), the 
technique being the same as in the case of the corresponding 
isoquercetone derivative (lac, cit,). It crystallises from alcohol 
in colourless needles, which melt and decompose at 249—251®. 
The alcoholic solution gives a green colour with alcoholic ferric 
chloride. It dyes calico mordanted with aluminium faintly, thus 
resembling 2: 3 -dihydroxyxauthone (Liebermann and Lindenbaum, 
Rer,, 1904, 87, 2736) (Found: C=64*8; H = 4*2. C 14 H 10 O 5 

requires C = 66 ’l; H = 3*9 per cent.). 

2:3: S-Trimethoxyxamthome, 

This derivative is prepared from the previously-mentioned 
dihydroxy^oompound by the custion of methyl sulphate. It 
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orystallises from alcohol in faintly yellow needles, which melt at 
194—195®. This substance is identical with that formerly 
described as 2 : 6 : 8 -trimethoxyxanthone, which was prepared by 
the action of diazomethane on the corresponding trihydroxy- 
xanthone. 

2 : ^-Diacetoxy-^’methoxyxcmthone^ prepared by digesting the 
dihydroxy-compound with acetic anhydride and anhydrous sodium 
acetate, crystallises from alcohol in colourless needles, which melt 
and decompose at 231—232® (Found: C=63*0; H = 4*3. C 18 H 14 O 7 
requires C = 63‘2; II = 4*1 per cent.). 

The relative positions of the hydroxyl groups in 2:3: 8 -tri- 
hydroxyxanthone (V) become still more evident on comparison 
with euxanthone (I). (1) 2:3: 8 -Trihydroxyxanthone, on treat¬ 

ment with methyl sulphate (3^ mols.), is not fully methylated, the 
hydroxyl group in position 8 not being attacked, as in the case 
of euxanthone (v. Kostanecki, Ber,^ 1894, 27 , 1992; Herzig and 
Klimosoh, ibid., 1908, 41 , 3894; compare, however, A. G. Perkin, 
T., 1913, 103 , 1632, who finds that under certain conditions alkyl¬ 
ation of this type of hydroxyl group may take place). (2) The 
resulting 8 -hydroxy- 2 :3-dimethoxyxanthone is coloured, forms 
yellow solutions with alkalis, and possesses tinctorial properties 
similar to 8 -hydroxy-2-methoxyxanthone (Herzig and Klimosch, 
loc. cit.j compare also Perkin and Everest, "'The Natural Organic 
Colouring Matters/' p. 125). (3) Like euxanthone (Pfeiffer, Ber.y 

1911, 44 , 2653; compare also Herzig and Schbnbach, Monatsh., 

1912, 33 , 673), 2:3: 8 -trihydroxyxanthone reacts with stannic 
chloride, forming the compound. 


/\ 

k. 


o 




CljSnO CO 


OH 

OH 


The corresponding tin compound is also obtained from 8 -hydroxy- 
2 :3-dimethoxyxanthone. 2 :3-Dihydroxy-8-methoxyxanthone gives 
quite unexpectedly the same substitution product as 2 : 3 : 8 -tri¬ 
hydroxyxanthone. 

2:3: 8 -Trihydroxyxanthone differs, however, in one way from 
euxanthone. It has been shown (Herzig, Monatsh., 1891, 12 , 161; 
1897, 18 , 700; Herzig and Klimosch, ibid., 1909, 30 , 627) that 
when euxanthone is methylated with diazomethane, 2 -hydroxy- 8 - 
methoxyxanthone is formed, the 2 -hydroxy-group not bing 
susceptible to any form of methylation. This is not the case when 
2:3: 8 -trihydrbxyxanthone is methylated with diazomethane, all 
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three hydroxy-groups behaving in a similar manner, as previously 
shown (loc, cif.). Also 2: S-dihydroxy-S-methoxyxanthone, when 
methylated with methyl sulphate, yields the trimethoxy-derivative, 
aa described above. 

i-Hydroxy -^: ^-^iTfiethoxyxa/rithoriey prepared by the action of 
methyl sulphate (3J mols.) on an alooholio solution of the tri- 
hydroxyxanthone, crystallises from alcohol in faintly yellow 
needles, which melt and decompose at 228—231®. It dissolves in 
dilute sodium hydroxide with a yellow colour, and dyes calico 
mordanted with aluminium faintly. Diazomethane converts it 
quantitatively into the corresponding trimethoxyxanthone (m. p. 
196®) (Found: C = 66 0; H=4-7; OMe=22 8 . C 15 H 12 O, requires 

C = 66*2; H = 4*4; OMe = 22'8 per cent.). 

^-Acetoxy-^ : ^-dimethoxyxanthoney prepared in the usual 
manner, crystallises from alcohol in colourless needles, which melt 
and decompose at 224—225® (Found: C--65*2; H = 4*7. C 17 H 14 OC 
requires C = 65*0; H = 4*4 per cent.). 

Action of Stcmnic Chloride on :%~THhydroxyxanthone. 

One gram of the trihydroxyxanthone dissolved in 75 c.c. of 
«-tetrachloroethane was heated with 2 grams of stannic chloride 
dissolved in 50 c.o. of the same solvent. The solution was kept 
at the boiling point for two hours, and the solid collected and 
washed, at first with 5 -tetrachloroethane and subsequently with 
benzene. Great care was taken to avoid the presence of moisture. 
The product was crystallised from 5 -tetrachloroethane, from which 
it separated in deep red crystals. These did not melt below 330®, 
but darkened at about 285—290®. When dissolved in boiling 
pyridine, a red solution with a blue fluorescence is obtained. The 
compound is slowly decomposed by water at the ordinary tempera¬ 
ture; boiling greatly accelerates the decomposition. The analysis 
of this substance and of the other tin compounds was carried out 
according to the methods given by Pfeiffer {Annaleny 1910, 376, 
344) (Found: Cl = 22*2; Sn = 25*5. Ci 3 H 705 Cl 3 Sn requires 
Cl = 22*7; Sn=25*4 per cent.). 

Action of Stcmnic Chloride on S-Hydroxy-2 :3’dimethoxyxa7ithone. 

Five grams of the substance dissolved iii benzene were heatea 
with 4 grams of stannic chloride in 50 c.o. of benzene for two 
hours. The product was collected, washed with dry benzene, and 
thoroughly dried in a vacuum over phosphoric oxide. The sub¬ 
stance dissolves in pyridine with a pale orange colour; it is in¬ 
soluble in aloohol or benzene. Water decomposes it on keeping 
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amd on boiling. The substance has no definite melting point, 
decomposing at about 311—326^. The yield was 7*8 grams 
(Found: Cl = 21*6, 21*2; Sn = 24-8, 24*6. CisHuOgClsSn requires 
Cl = 21*4; Sn = 24'0 per cent.). 

Action of Stannic Chloride on 2:Z-Dihydroxy-%-methoxyxa/nthone, 

When 1 gram of the monomethoxy-derivative dissolved in 
60 c.o. of 5 -tetrachloroethane is heated with 1 gram of stannic 
chloride in 50 o.c. of the same solvent, no precipitate is at first 
formed. After three-quarters of an hour’s heating, the substitu¬ 
tion product commences to appear, the reaction being completed in 
six hours. So far as it is possible to judge, the product is identical 
with that formed when 2:3:8-trihydroxyxanthone reacts with 
stannic chloride. For the analyses, two different preparations were 
used (Found: Cl = 22*6, 22*9; Sn = 25*9, 25*7. Calc.: Cl = 22*7; 
Sn = 25*4 per cent.). 

In view of these results, the compound previously described (Zoc. 
cit.) as 2:5: fi-triacetoxyxanthone is now considered to be 
2:3:8-triacetoxyxanthone. 

We are indebted to the Colston Society of the University of 
Bristol for a grant which has covered the expenses of this research. 

Bio-Chxkioal Laboratoby, ChemioaIi Departbient, 

University op Bristol. 

[BecetVed, June 1920.J 


LXXXVIIL —Decomposition of Nitric Esters, 

By Robert Crosbie Farmer. 

In a recent paper on the decomposition of nitric esters by lime 
(this vol., p. 552), Lowry, Browning, and Farmery have expressed 
the view that the primary decomposition of nitric esters is not a 
hydrolysis, but a decomposition to aldehyde (Berthelot), possibly 
though an alcohol peroxide (Klason and Carlson). Their grounds 
for this belief are the almost complete absence of glycerol in the 
products of decomposition of glyceryl trinitrate (and of the corre¬ 
sponding alcohols in other cases) and the fact ^at this formula¬ 
tion would give, as the primary decomposition product of glyceryl 
trinitrate, the dialdehyde, CHO’CO’CHO, which would * con¬ 
veniently account for many of the products which are actually 
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found to result. This mechanism of the decomposition of glyceryl 
trinitrate was previously suggested by Berl and Delpy {Ber., 1910, 

• 1421), who regarded it, however, as a secondary reaction pre¬ 

ceded by a hydrolysis. The latter view is so strongly supported 
by experimental evidence that Lowry, Browning, and Farmery^s 
critioism of the views of Silberrad and Farmer (T., 1906, 89 , 
1769) cannot be upheld. 

From the nature of the hydroxy-acids, etc., isolated by Silberrad 
and Farmer (T., 1906, 89 , 1182) and others, the intermediate 
formation of the above aldehyde, although hypothetical, is 
readily conceivable. It does not, however, by any means follow 
that such aldehydes represent the initial stage of the decomposi¬ 
tion. If we go back to first principles, it is clear that the- nitric 
group has oxygen to spare, whilst the carbon nucleus is ready to 
take up oxygen. When hydrolytic agents are added (add or 
alkali), the structure is loosened, in accordance with the general 
behaviour of esters; at the moment of splitting, however, the 
carbon nucleus is in a condition so sensitive to oxidation that the 
alcohol and acid are not actually formed, or are formed only to a 
minor extent. This was clearly brought out by Silberrad and 
Farmer, who showed that, if once formed as complete molecules, 
they do not interact at the dilutions in question (although, as is 
well known, glycerol can be oxidised to aldehydes and ketones by 
nitric add under suitable conditions). The acid and alcohol 
groups must react, therefore, with the formation of oxida^ 
tion products of the alcohol. This is tantamount to saying that 
the nitric add in the moment of its formation oxidises the carbon 
nucleus. Beyond this, the rest of the process may well proceed 
as indicated by Lowry, Browning, and Farmery. 

The primary hydrolysis is in accordance with the universal 
behaviour of esters, and it would require much more than specu¬ 
lative evidence, to justify the view that nitric esters form an 
exception to the general rule. If some other form of primary 
decomposition did occur, it would at least appear inevitable that, 
hydrolysis should take place concurrently, and thus we are driven 
in any case to the conclusion that the nitric add in the moment 
of formation oxidises the alcohol nucleus whenever the alcohol is 
not found as a product of the reaction. 

* Regeneration of Alcohols from Nitric Esters. 

The basis of the argument against hydrolysis is that the alcohol 
is not ordinarily found as a product of the decomposition. In 
view of this, it is somewhat surprising that Lowry, Browning, and 
Farmery claim to have shown that nitrooelluloae breaks down in 
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successive stages to cellulose trinitrate and dinitrate, for this would 
clearly imply that a normal hydrolysis of a nitric ester group can 
take place. No weight can, however, be attached to this, as it is 
clear from numerous investigations that no such definite stages 
can be isolated in the cellulose nitrates, and the approximate 
agreement of the nitrogen percentage is purely accidental (com¬ 
pare, for example. Will, Ber.^ 1891, 24, 400). It has been shown 
by Berl and Fodor (Zeitsch, ges. Schiess. u. Sprengstoffw,, 1910, 
6 , 254, 269) that the partial decomposition by alkalis is of a much 
more complex nature. 

Ample evidence is, however, obtainable in the case of other 
esters that the nitric group can undergo normal hydrolysis. The 
following evidence is based partly on add hydrolysis and partly 
on alkaline. There appears to be no reason to differentiate, in 
prindple, between these. The same products are obtained in both 
cases, and as regards the velocity of hydrolysis, it is shown later 
in the present work that the relationship between add and 
alkaline hydrolysis of nitrocellulose is so closely in accord with 
that of other esters that it can scarcely be supposed that the one 
is hydrolytic without accepting this for the other. 

The data in the present paper refer mainly to the glyceryl 
nitrates. It is shown, in the first place, that glyceryl trinitrate 
is hydrolysed by dilute nitric add under suitable conditions to 
glycerol, according to the equation 

C3H6(N03)s + 3 H 20 = C3H5(0H)3+ 3HNO3. 

It is also shown that the hydrolysis of glyceryl dinitrate can take 
place with practically no reduction of the nitric acid and practio- 
ally no formation of organic adds. It is already known that 
methyl nitrate is hydrolysed to dimethyl ether by alkali, no internal 
oxidation taking place. It would be difficult to reconcile this 
with the primary formation of an aldehyde. 

In most cases, hydrolysis is accompanied by much internal 
oxidation, but this can be overcome in various ways. Thus the 
normal hydrolysis of the nitric group, 

R-NOg + H 2 O = R-OH + HNO 3 , 

becomes the main reaction whenever the conditions are such that 
either the oxidising action of the nitric add is suppressed or the 
alcohol is rendered immune against oxidaton. 

Suppression of the Oxidismg Actiorir of the Nitric Add. 

{a) By Eeducmg Agents. —^In the presence of these, the nitric 
group cannot oxidise the alcohol, and in this case the alcohol is 
formed just as in a normal hydrolysis. This is well known in the 
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case of sulphides (Bloxam, Chem, Neim, 1883, 47 , 169), and was 
shown by Klason and Carlson (Ber., 1906, 39 , 2752; 1907, 40 , 
4183, 4191) to hold also for alkaline hydrolysis in the presence of 
phenyl mercaptan or hydrogen peroxide. Gutmann {Ber., 1908, 
41 , 2062) showed that sodium arsenite acted similarly. Briihl 
had previously formulated nitric acid and its esters as derivatives 
of hydrogen peroxxide on the basis of spectrometrio measurements 
{Ber., 1898, 31 , 1350), and Klason and Carlson assumed that these 
esters were hydrolysed to hypothetical alcohol peroxides, which 
were then reduced to the alcohols. This is a totally unnecessary 
assumption; their work simply shows that when a reducing agent 
is present to remove the nascent nitric acid, the normal hydrolysis 
occurs. The action of hydrogen ])eroxide seems, indeed, rather 
incompatible with the assumption of a peroxide, as it is scarcely 
likely that hydrogen peroxide would react with a derivative of 
itself in the manner indicated. Camhi {Atti R. Accacl. Lmcei, 
1909, [v], 18 , i, 301) has opposed the peroxide formula of nitric 
acid and its esters. He points out, for instance, that the quanti¬ 
tative oxidation of nitrous to nitric acid by permanganate is not 
in accordance with this formulation. 

{h) By Sulphin'ic .\cid. —In the j)re8ence of sulphuric acid of 
moderate strength, the oxidising action of nitric acid is decreased, 
as is commonly experienced in its action on toluene, etc. If, 
therefore, nitroglycerin is hydrolysed with 70 per cent, sulphuric 
acid, the nitric acid does not attack the organic residue to any 
great extent, and glyceryl dinitrate is formed in good yield 
(D.R.-P. 175751). Similarly, glyceryl dinitrat© is hydrolysed by 
70 per cent, sulphuric acid to glyceryl inonoiiitrate and glycerol 
(Will, Ber., 1908, 41 , 1107). 

Protection of the Alcohol from 0,ru7atimi. 

{a) By Continuous Abstraction m Glycerophosphoric Acid. —It 
is shown in tlie present work that if glyceryl trinitrate is hydro¬ 
lysed by phosphoric acid, the glycerol is converted to glycero^ 
phosphoric acid, and is thus protected from the oxidising action 
of the nitric acid. The intermediate formation of an alcohol 
peroxide or aldehyde appears in this case to be excluded. 

(6) By the Presence of further Nitric Groujrs. —^When the 
alcohol contains further nitric groups, it is less susceptible to 
oxidation than in the absence of such groups. In accordance with 
this, on© of the nitric groups of glyceryl trinitrate can be readily 
hydrolysed to the alcohol group. Thus, if we represent the group 
(CH 2 *N 03 ) 2 CH* by R, the decomposition takes the form of a 
normal hydrolysis, R*N 03 -f*H 20 = R’0H + HN 03 . This holds both 

VOL* oxvn. G Q 
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for acid and alkaline hydrolysis; thus it is shown in the present 
work that hydrolysis of glyceryl trinitrate by dilute nitric acid 
yields glyceryl dinitrate, and Berl and Delpy {Ber,, 1910, 43 , 
1421) have found the same reaction to take place in the presence 
of alkalis. Lowry, Browning, and Farmery have conceded that 
such partial hydrolysis can occur, and it appears strange that with 
such distinct evidence of the normal hydrolysis of a nitric ester 
group they should still refuse to recognise this as the first stage 
in the decomposition. 

It is seen, therefore, that whenever the alcohol is protected by 
any means from oxidation, it is readily obtained as a product of 
the decomposition. It would be difficult to explain these results 
in any other way than that the primary reaction is a hydrolysis. 
This aspect is in no way contrary to the experimental evidence of 
Lowry, Browning, and Farmery. On the other hand, it is in 
complete accord with the general nature of the decomposition of 
nitrocellulose, etc. The whole experience of the behaviour of these 
esters on storage and in climatic trials (see Silberrad and Farmer, 
J. Soc. Ghem, Ind,, 1906, 25, 961) leaves no doubt that the 
decomposition is hydrolytic in nature. 

Not only is the hydrolysis brought about by the same agencies 
as in the case of other esters (hydrogen and hydroxyl ions), but 
the relative velocities are of the order that would be expected for 
ester hydrolysis. When alkali is added to nitrocellulose, a 
moderately rapid hydrolysis occurs. The velocity decreases as the 
alkali is neutralised. When the solution becomes neutral, the 
hydrolysis becomes very slow, but does not cease entirely, owing 
to the slight ionisation of the water. Thus the solution gradually 
l>ecome8 add, and the velocity again increases, but is very much 
less for the hydrogen ions than for hydroxyl ions, nsonely, in the 
ratio of 1 to 480 (Silberrad and Farmer, T., 1906, 69 , 1759). 
The relative velocities of hydrolysis of esters by acids and alkalis 
vary somewhat considerably, but the general relationship may be 
seen from the aliphatic esters examined by de Hemptinne 
(Zeitsch, physikal. Chem., 1892, 13 , 493). The following table 
shows the velodty constants at 25°: 

Alkali. Acid. Ratio. 


Methyl acetate . 9-66 0 00659 1466 

Ethyl acetate . 6-38 0 00682 936 

Propyl acetate . 6*31 0 00671 791 

Ethyl propionate . 6-61 0 00727 772 

Ethyl butyrate. 3*39 0-00417 813 


Thus the ratio found for nitrocellulose appears quite reasonable, 
considering that the hydrolysis is abnormal in nature. 

In the figure is shown the course of the hydrolysis of nitro- 
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oelluloee in the neighbourhood of the minimum velocity, which ia 
seen to occur slightly on the acid side of the neutral point. The 
course of the hydrolysis is so characteristic of that of esters that 
this forms a distinct confirmation of the view that hydrolysis is 
the primary reaction, both in the presence of acids and of alkalis. 

A knowledge of the hydrolytic behaviour of nitric esters has a 
close bearing on the action of stabilisers,’’ which are added to 
explosives (compare Marshall, Explosives,” 1917, p. 640). The 
idea of adding alkalis to neutralise the acid formed was advocated 
as early as 1849 (Maurey, Compt. rend,, 1849, 28 , 343), and 
followed up by Abel (Phil. Trans., 1867, 181). It was at first 
thought that strong alkalis were beneficial to the stability, but 
it was gradually found that any benefit which these conferred by 
removing free acid was outweighed by the decomposition to which 
they themselves gave rise (Kerckhoff, J. pr. Chem., 1847, 40 , 284; 
Vohl, Dingl. polyt. J., 1849, 112 , 236; Hadow, T., 1854, 7 , 201; 
Bechamp, Compt. rend., 1855, 41 , 817; Ann. Chim. Phys., 1856, 
[hi], 46 , 338; Will, Ber., 1891, 24 , 400; Maquenne, Arm. Chim. 
Phys., 1891, [vi], 24 , 522; Vignon, Compt. rend., 1898, 127 , 872; 
Bull. Soc. chim., 1903, [hi], 29 , 507; Nef, Annalen, 1899, 309 , 
181; Lunge, Zeitsch. angew. Chem., 1901, 14 , 578). 

Guttmann, on finding that the prolongation of the heat test by 
alkalis was largely due to masking ” (J. Soc. Chem. Ind., 1897, 
16 , 283), went to the other extreme, and contended against Simon- 
Thomas that all alkalis were harmful (Zeitsch. angew. Chem., 
1897, 10 , 233, 265; 1898, 11 , 1003, 1103; 1899, 12 , 55). The 
behaviour of nitrocellulose, as shown in the figure (p. 817), indicates 
that neither of these views is correct. The aim of a stabiliser must 
be to maintain the concentration of hydrogen ions as near as 
possible to the point of minimum velocity. In practice, this is 
effected by using such substances as calcium carbonate for the 
preservation of wet guncotton. Similarly, the salts of numerous 
organic acids have been used to stabilise pyroxylin (compare 
Worden, “Nitrocellulose Industry,” p. 598). 

Non~hydrolytic Decomposition of Nitric Esters. 

Although, as indicated above, hydrolysis is the predominating 
action in presence of water, nitric esters can also undergo other 
types of decomposition. For the sake of completeness, these 
should be briefly referred to. They include both catalytic and 
non-catalytio reactions. 

The non-catalytic decomposition of nitrocellulose is best 
observed by heating in a vacuum or in a current of dry carbon 
dioxide (WilTs test). Under these conditions, volatile catalysts are 
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removed csontiimously, and Will has shown (Zeitsch. angew, Chem,, 
1901, 14 , 743, 774) that if the guncotton is completely purified 
from substances that would give rise to non-volatile catalysts, such 
as sulphuric esters, it reaches a limit state, in which the rate of 
decomposition sinks to a constant minimum for a given degree of 
nitration. This has been confirmed by Robertson (J. Soc, Chem, 
Ind., 1902, 21 , 819), and a similar behaviour has been observed 
by Robertson for nitroglycerin (T., 1909, 96, 1241). Measure¬ 
ments in a vacuum give similar results. 

This non-catalytic decomposition is extremely slow at ordinary 
temperatures. Extrapolation shows that at 25® the velocity of 
evolution of nitrogen from guncotton is approximately 0*00125 
milligram per gram per year. In other words, the half-life period 
of guncotton, if we exclude all catalytic influences, is ab^ut 70,000^ 
years (that is, the time necessary for the guncotton to lose half 
its nitrogen, assuming that the rate of loss is maintained). 

Apart from the above, a catalytic decomposition can also occur 
in presence of nitric peroxide. This has been studied mainly in 
the case of nitrocellulose. It takes place in absence of moisture 
and accelerates itself autocatalytically. It consists of an internal 
oxidation of the nitric ester, aided by atmospheric oxygen, which 
re-oxidises nitric oxide evolved by the nitrocellulose to nitric 
peroxide. This is absorbed by the nitrocellulose, and causes 
further decomposition. 

Just in the same way as weak alkalis can be added to protect 
nitric esters from acid hydrolysis, the catalytic decomposition due 
to nitric peroxide can be combated by the addition of substances 
which react with nitric peroxide, such as amines, etc. The analogy 
extends, however, further than this; for in the same way that the 
acid hydrolysis has its counterpart in a much more rapid alkaline 
hydrolysis, so also the nitric peroxide catalysis has its counterpart 
in a much more rapid action of amines (aminolysis). It was 
thought originally (Hoitsema, Zeitsch. wrigevK Chtm.y 1899, 12 , 
705) that amines in general might be added with advantage to 
take up the nitric peroxide, and so act as stabilisers. It is now 
known that only very weak bases are permissible; aniline, for 
instance, is much too strong. Diphenylamine is used* in many 
countries with success as a stabiliser of nitrocellulose propellants, 
and various o^her weak bases, such as carbamide, diphenyldi- 
methylcarbamide oentralite"'), diphenyldiethylcarbamide 

(Claessen, D.R.-P. 909546), nitroguanidine (Flemming, Zeitsch. 
cmgew. Chem., 1898, 11 , 1063), and many others, have been 
proposed. The action of amines of the aniline type is very much 
more rapid thah can be accounted for by the direct hydrolysis due 
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to the hydroxyl ions, thus showing it to be an entirely different 
type of reaction. 

It should be possible to construct a diagram analogous to tliat 
given on p. 817 showing the rate of action of nitric peroxide on 
the one hand (corresponding with acid hydrolysis), and of amines 
on the other (corresponding with alkaline hydrolysis). Unfortu¬ 
nately, the data necessary for calculating the point of minimum 
‘‘aminolysis’’ are not available, but a rough idea of this point 
can be obtained from the following comparison: 


Affinity Action on 

Base. constant (25°). nitrocellulose. 

Benzylamine . 2*0 . Inflamed in a few minutes. 

Aniline . 6 0 . 10" 

Methylaniline . 2*5 . 10'Rapid action. 

Diphenylamine . 5-2 . 10~*^ Probably retard decomposition. 

Carbamide. 1-5. 10~^* 


Instead of the affinity constants, it would probably be more 
correct to take the “ aminolytic ” constants, as determined, for 
instance, by Goldschmidt and Salcher’s method {Zeitsch. jyhysikal. 
Chem., 1899, 29, 89). 


Experimental. 

HydrolyaiH of Nifrogli/cerin hy Nitric Acid. 

Six grams of nitroglycerin were wanned on a water-bath with 
400 o.c. of 0'2.T-nitric acid until all the nitroglycerin had dis¬ 
appeared. A small quantity of dissolved nitroglycerin was extracted 
with ether. After neutralising the aqueous solution with calcium 
carbonate, filtering, and evaporating, the residue was extracted 
with acetone. The acetone gave on evaporation a residue contain¬ 
ing no nitrogen, and consisting of glycerol, which was identified 
by conversion to acrolein, by the boric acid test, and by the colour 
reaction with pyrogallol. It was further converted to glyceryl 
tribenzoate (m. p, 70^). Oxalic acid was detected by conversion 
to calcium oxalate and microscopic exarmination of its crystals, 
also by the permanganate test. Distillation of the acidified filtrate 
showed the presence of volatile acids. The distillate reduced silver 
nitrate and mercuric chloride (formic acid). After elimination of 
the formic acid by mercuric chloride, the filtrate gave a precipitate 
on boiling with ferric chloride (probably acetic acid). The solution 
gave a red colour with Schiff’s reagent, but gave no precipitate 
with phenylhydrazine. 

Partial Hydrolysis of Nitroglycerim^ irith Nitric Add. 

In this case, the same quantities were used, but the hydrolysis 
was interrupted when about two-thirds of the nitroglycerin had 
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disappeared. The aqueous layer was separated aud extracted with 
ether. The residue obtained cm evaporation of the ether was 
purified by dissolving in a limited quantity of water and removing 
the residual oil. The aqueous solution was again extracted with 
ether, and the ether evaporated. The residue contained N = 14'65, 
whilst glyceryl dinitrate requires N = 15'39 per cent.; the product 
must therefore have retained some mononitrate, which is difficult 
to separate completely from the dinitrate. It was benzoylated 
with some difficulty, and the benzoyl derivative melted at 63° and 
contained N = 10‘03. The quantity was insufficient for further 
purification, but the substance was evidently the benzoyl deriv¬ 
ative of glyceryl aa'-dinitrate, which in the pure state melts at 
67° and contains N = 9-79 per cent. Glyceryl mononitrate was 
obtained only in small quantity and in an impure state. 

Hydrohjds of Nitroglycerin hy Phosphoi'ic A cid^. 

The solution obtained on hydrolysis was neutralised with lime, 
and filtered from the calcium phosphate which separated. The 
filtrate yielded on evaporation a S 3 rrup, which contained calcium 
nitrate, and also a soluble calcium salt, from which phosphoric 
acid and glycerol were obtained. It appears, therefore, to be the 
calcium salt of glycerophosphoric acid. Further examination of 
the products of the hydrolysis showed that oxalic acid was absent, 
and formic acid was present only in very small quantity. 
Practically no oxidation of the glycerol took place. 

Hydrolysis of Glyceryl Dinitrate. 

In order to ascertain whether the hydrolysis was accompanied 
by reduction of the nitric acid, a solution of glyceryl dinitrate in 
nitric acid was maintained at 80°. Separate bottles, each con¬ 
taining 50 0 . 0 . of solution, were used, and these were withdrawn 
at intervals and a portion titrated. To ascertain whether reduce 
tion of the nitric acid occurred, estimations of nitrous acid were 
also made. 


Concentration of Glyceryl = 0*060. Temperature —. 


Time 

Concentration 
of acid 

Nitrous acid 

Time 

Concentration 
of acid 

Nitrous acid 

hours). 

(gr, equiv.). 

(mgr.). 

(hours). 

(gr. equiv.). 

(niflrr.). 

— - 

0-200 

0-00418 

28 

0-264 

0-0028 

4 

0-211 

— 

36 

0-276 

0-0021 

8 

0-221 

— 

44 

0-278 

0-0084 

12 

0-232 

— 

66 

0-302 

0-0135 

16 

0-243 

— 

114 

0-312 


20 

0-246 


1 _ 
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The increase in the acidity corresponds with the decomposition 
of 93 per cent, of the glyceryl dinitrate to glycerol and nitric acid. 
Very little reduction of nitric acid occurred, as shown by the low 
proportion of nitrous acid. 

In order to ascertain whether the solution contained any acids 
other than nitric acid, it was extracted with ether to remove un¬ 
changed glyceryl dinitrate, and then subjected to reduction. The 
ammonia was estimated and recalculated to nitric acid. Oxalic 
and formic acid were also tested for. 

Original 
(gr. equiv.) 

Nitric acid (NH, method) ... 0*1978 

Formic acid . — 

Oxalic acid . ‘ — 

Total . — 0*3061 

Total acid by titration . 0*2000 0*3124 

Any other organic acids must thus form less than 2 per cent, 
of the total acid present. 


After 114 hours 
(gr. equiv.). 
0*3005 
0*0056 


Formic and Oxalic Acids in Hydrolysis of Cordite. 

Several methods were tried for the estimation of formic acid, 
and the following method was found to be the best. The solution 
containing formic acid is boiled with a known amount of silver 
nitrate in the presence of barium carbonate for two hours; excess 
of standard ammonium thiocyanate solution is then added and the 
mixture allowed to remain for ten minutes. The solution is 
filtered, and the excess of thiocyanate estimated in the filtrate by 
silver nitrate solution. A control test is carried out simultaneously. 
Tests on known small quantities of formic acid gave satisfactory 
results. 

For the estimations on cordite, 50 grams of the ground cordite 
were extracted with 100 c.c. of water for two hours on a steam- 
bath. After filtration and washing, the solution was extracted 
with ether, neutralised, and evaporated to a small bulk. It was 
then rendered slightly acid with nitric acid and warmed. 
Ammonia was added in slight excess and the solution filtered. 
Cstlcium nitrate was added and the liquid allowed to remain over¬ 
night. Any calcium oxalate was filtered off, dissolved in sulphuric 
acid, and estimated by permanganate. The filtrate was acidified 
slightly with sulphuric acid and distilled to recover the formic 
acid, which was then estimated as above. It was found by separate 
experiments that no formic acid was destroyed by the nitric acid 
present. 
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Formic acid 

Oxalic acid 

Cordite. 

(per cent.). 

(per cent.). 

(a) 

00068 

0-0022 

(6) 

00048 

0-0019 

(c) 

0030 

— 

(d) 

0037 

— 

(0 

0-0039 

— 

(a) After six months^at 46° in a wet atmos¬ 
phere ..**. 

00108 

0-0115 

(a) Alter approx. 500 hours at 80° .. 

00287 

0-239 


Minimum Velocity of 11 ydrolysis of Gu/ncotton. 

If the cancentratioii of hydrogen and hydroxyl ions be repre¬ 
sented by H and OH, and the velocity-coefficients for acid and 
alkaline hydrolysis by and C 2 respectively, the minimum velocity 

will be reached when r/(CilI + C.OH) -- 0 or = 0, where 

K is the water constant H x OH. 

Now d(CiH + = 

Experiment shows that the hydrolysis continues to take plac?e 
through the neutral point, the alkalinity disappearing and acidity 
being developed; hence dVl never becomes equal to zero. From 

this it follows that 

The concentrations at the point of minimum velocity are given by 

“"-A/f*’"- 

Data for the velocity-constants are given by Silberrad and 
Farmer (T., 1906, 89 , 1759). The total velocity of hydrolysis is 
made up of the sum of the velocities due to hydrogen and hydroxyl 
ions. The following table shows the velocities in the neighbour¬ 
hood of the minimum point. 


iKiJ, 

V Cl' 


Velocities of Hydrolysis of GuncoiUm at Low Concentrations of 
Hydrogen Ions, {Equivalent per litre per hour. At 37‘8®.) 

Velocity. 


xj.-iuziM vy XI.-ions 


cone. 

cone. 

Due to H-ions. 

Due to OH ions. Total. 

(io-«) 

(lO-*) 

(10-*^) 

(10-») 

(lO-M 

0-5 

58-0 

0-44 

24-00 

24-44 

1-0 

29-0 

0-87 

12-00 

12-87 

2-0 

14-5 

1-74 

6-00 

7-74 

3-0 

» 9-7 

2-61 

4-00 

6-61 

3-7 

7-8 

3-25 

3-25 

6-50 

5-0 

5-8 

4-35 

2-40 

6-75 

10-0 

2-9 

8-70 

1-20 

9-90 

20-0 

1-45 

17-40 

0-60 

18-00 

The 

oourse of the 

hydrolysis is 

shown in the 

figure. The 


minimum velocity is seen to lie distinctly on the acid side of the 
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■ %" 

neutral peint. The acidity is comparable with that of a 
OTiT-solution of phenol. 

Decomposition of Nitrocellulose in the Presence of Amines. 

To illustrate the decomposing action of organic bases as com¬ 
pared with alkaline salts, the following examples may be given. 
Fifty grams of nitrocellulose were enclosed in a vessel of lOO c.c. 
capacity, and the alteration of gas volume was measured by a gas 


Velocity of hydrolysis of nitrocellulose at 37-8“ {equivalent per litre per hour)^ 



burette at the ordinary temperature (mean = 16^). The contrac¬ 
tion is due the formation of nitric oxide, which absorbs oxygen 
from the air. In each case, 5 per cent, of admixture was taken. 


Alteration in Gas Volume at 16^ (c.c. corr.^. 


Days. 2'7. 4-6. 7 0. 12. 18. 20. 33. 

Sodium carbonate — 4-0-16 +0-10 —0 05 —0*10 —0-25 —0‘36 

Methylaniline ... -4-6 -6-65 -6*80 -8-30 -9-90 -10-45 -11-85 

The nitrocellulose itself showed only a very slight contraction. 
When it was mixed with diphenylamine, the contraction was also 
very slight. On attempting to make measurements with benzyl- 
amine, the decomposition was so rapid that the nitrocellulose 


inflamed in a few minutes. 

Affinity Constant of Diphenylamine ,—This did not lend itself 
to the ordinary methods of determination, but can be deduced 
from the solubility of diphenylamine in water and in acid. 

Gram Gram-moleoule 


per litre, 
f 0*0462 

Solubility in water at 25 . y 0-0474 

„ „ 0-21l2»7-HClat25" 0-0855 

VOL. oxvn. 


per litre. 
0-0002734 
0-0002805 
0-000507 

H H 
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ccmoeiiitration of hydrogen ions in 0*211iV-hydrochloric acid 
js 0*19^. Assuming the diphenylamine hydrochloride at the above 
high dilution to be completely ionised, the hydrolytic constant 

acid X base _ 0*1917x0^000277 _ q.oqa 
"““" salt"” “ 0*000“230~ 

and thb afl&nity constant of the free base is equal to 5*2x10“^^ 
taking the ionisation of water as 1*09 x 10~ ^ 


Summary. 

The different forms of decomposition of nitric esters can be 
classified as follows: 


(1) Decomposition of the pure ester. 

(2) Accelerated decomposition. 

{a) Hydrolysis (followed by internal oxidation): 

(i) by adds (slow but autocatalytically accelerated); 

(ii) by alkalis (relatively rapid). 

(6) Internal oxidation in absence of water: 

(i) by nitric peroxide (dow but autocatalytically 
accelerated); 

(ii) by amines, etc. (relatively rapid). 

The hydrolytic decomposition passes through the following 
phases: 

(i) Incipient esteir hydrolysis. 

(ii) Internal oxidation, possibly to an alcohol peroxide 
(although this is speculative). 

(iii) Formation of an aldehyde. 

(iv) Decomposition to hydroxy-adds. 

When the conditions are such that the alcohol is protected from 
o3ddation, it is readily regenerated as such on hydrolysis, thus 


l^iowiiig that ^ the first stage in the decomposition is a true ester 
hydrolysis of the normal type. Th© hydrolysis • is shown to 
resemble that of other esters in its general relationship between 


velocity and concentration of hydrogen or hydroxyl ions, and the 
bearing of this relationship on the stabilisation of nitric esters is 


show||. 


The author’s thanks are due to Mr. H. J. Merriman for per¬ 
mission to include .experiments on nitroglycerin and cordite, and 
to the Diredkw of Artillery for his sanction for the publication of 
the work. 
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